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EXECUTIVE SUMMARY 

The Rocky Flats Plant (RFP) is located in northern Jefferson County, Colorado, 

approximately 16 miles northwest of downtown Denver The Plant buildings are located 

within an area of approxrmately 400 acres, known as the RFP secunty area The secunty 
area is surrounded by a buffer zone of approximately 6,150 acres 

The RFP is currently an intenm status Resource Conservation and Recovery Act 

(RCRA) hazardous waste treatmentlstorage facility In the past, both storage and 

disposal of hazardous and radioachve wastes occurred at on-site locations Preliminary 

assessments conducted under Phase 1 of the Environmental Restoration (ER) Program 

identified some of the past on-site storage and disposal locations as potential sources of 

environmental contaminahon 

, 

The Department of Energy (DOE) wishes to pursue an intenm remedial action for 

surface water at the 903 Pad, Mound, and East Trenches Areas, now termed Operable 

Unit 2 (OU2), at the Rocky Flats Plant (RFP) EG&G has prepared a proposed 

IM/IRA Plan to identify, screen, and evaluate appropnate intenm remedial action 

alternatives, and select the preferred intenm remedial achon for the contaminated 

surface water The purpose of this project IS to provide technical support to the IM/IRA 

in the form of bench-scale treatability tests 

Numerous technologies that appeared to be potenhally applicable for treating OU2 

surface waters were screened for treatability testing The technologies selected for 

bench-scale testing include the following 

e Granular Activated Carbon (GAC) for removal of Volatile Organics 
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e GAC for removal of Radionuclides 

e Ion Exchange for removal of Radionuchdes 

e Selected Adsorbents for removal of Radionuclides 

e Chemical Coagulahon/Microfiltrabon for removal of Radionuclides 

e Coagulahon/Precipitation/Filtration for removal of suspended solids 

I This report discusses the technologies considered as well as the process used to screen 

them for treatability testmg A discussion on how water samples will be collected from 

the surface water stations and seeps at OU2 is also provided A schedule for performing 
I '  

the treatability studies is also presented la  
Volume I of this document includes the Treatability Study Plan, which provides site 

background information and a discussion of the technology screening and evaluation 

process The second part of Volume I, Appendix A, includes the Treatability Study 

Work Plans (TSWPs) which descnbe in deml the proposed testmg programs 

Volume I1 includes the Sampling and Analysis Plan (SAP) Within the SAP is the Field 

Sampling Plan (FSP) and the Laboratory Analysis Plan (LAP) for untreated samples 

Also included in Volume I1 is the Quality Assurance Addendum (QAA) This QAA, 

along with the Draft Site-wide Quality Assurance Project Plan (QAPjP) for CERCLA 

Remedial Investigations/Feasibility studies at Rocky Flats (EG&G Rocky Flats, Inc , 
EG&G, 199Oc), constitutes the project-specific QAPjP for the bench-scale treatability 

study 

Volume 111 presents the Health and Safety Plan (HSP) for this project 

22588lRl ES 10-15 90t22588 Es-2 



TABLE OF CONTENTS 

1 0  

2 0  

30 

4 0  

VOLUME I 
TEXT TREATABILITYSTUDY PLAN 

IkfE 

INTRODUCTION 1- 1 

SITE BACKGROUND 2- 1 

2 1 DESCRIPTION OF SITE 2-4 

2 1 1 Hydrogeologic Setting 2-5 
2 1 2  Stratigraphy 2-5 
2 1 3  Hydrology 2-6 
2 1 4  Meteorology and Climatology 2-14 

2 2 SURROUNDING AREAS 2- 14 
2 3 SUSPECTED CONTAMINANT SOURCES 2-15 
2 4 PROBABLE GROUND WATER AND SURFACE WATER 

TRANSPORT PATHWAYS 2-19 
2 5 CONTAMINANT DISTRIBUTION 2- 19 

2 5  1 Ground Water Contamnation 2-19 
2 5 2 Surface Water Contamnation 2-22 

2 6 TREATMENT GOALS 2-34 

PRACTICAL TREATMENT TECHNOLOGIES FOR OU2 
SURFACE WATERS 3- 1 

3 1 IDENTIFIED TECHNOLOGIES FOR OU2 SURFACE WATER 3-1 
3 2 RESIDUAL TREATMENT TECHNOLOGIES 3-7 

TECHNOLOGY SCREENING AND EVALUATION 4- 1 

4 1 SCREENING CRITERIA 4-1 
4 2 EVALUATION OF PRACTICAL TECHNOLOGIES 4-6 

4 2 1 Water Technologies for OU2 Surface Water 4-6 
4 2 2 Residual Treatment Technologies 4-8 

22SS8/R1 TC 10-16-90/22558 -1- 



TABLE OF CONTENTS (Continued) 

5 0 TEST PROGRAM SCHEDULE 5- 1 

LIST OF TABLES 

TABLE 1-1 
TABLE 2-1 

I TABLE 2-2 
TABLE 2-3 
TABLE 2-4 
TABLE 2-5 

I TABLE 3-1 
TABLE 4-1 

TABLE 4-2 

TABLE 4-3 
a 

TABLE 4-4 

ACRONYMS AND ABBREVXATIONS 
CHEMICAL SPECIFIC ARARS 
CHEMICAL SPECIFIC ARARS 
CHEMICAL SPECIFIC ARARS 
CHEMICAL SPECIFIC ARARS 
CHEMICAL SPECIFIC ARARS 
LIST OF CANDIDATE PRACI'ICAL TECHNOLOGIES 
ORGANIC TREATMENT TECHNOLOGIES SCREENING 
MATRIX 
RADIONUCLIDE TREATMENT TECHNOLOGIES 
SCREENING MATRIX 
TOTAL SUSPENDED SOLIDS TREATMENT 
TECHNOLOGIES SCREENING MATRIX 
RESIDUAL TREATMENT TECHNOLOGIES 
SCREENING MATRIX 

1-3 
2-24 
2-25 
2-28 
2-29 
2-30 
3-2 

4-2 

4-3 

4-4 

4-5 

LIST OF FIGURES 

FIGURE 2-1 LOCATION OF ROCKY FLATS PLANT 2-2 
FIGURE 2-2 SURFACE WATER SAMPLING SITES AND ALLUVIUM 

LOCATIONS 2-7 
FIGURE 2-3 POTENTIOMETRIC SURFACE OF UNCONFINED 

GROUND WATER FLOW SYSTEM 2-9 
FIGURE 2-4 DRAINAGE BASINS 2-1 1 
FIGURE 2-5 REMEDIAL INVESTIGATION AREAS AND SOUD 

WASTE MANAGEMENT UNITS 2-12 
BENCH SCALE TREATABILITY STUDIES ROCKY 
FLATS OU2 TASK ORDER 2 0 5 -2 

FIGURE 5-1 

22550lR1 TC 10-16-90/22558 -11- 



TABLE OF CONTENTS (Continued) 

i3-w 

APPENDIX A 
TREATABILITY STUDY WORK PLANS 

A 1 

A 2 

GRANULAR ACTIVATED CARBON (GAC) - ORGANICS 

ION EXCHANGE - RADIONUCLIDES 
AND RADIONUCLIDES 

ADSORBENTS (ACTIVATED ALUMINA, BONE CHAR AND A 3 
FILOX) - RADIONUCLIDES 

A 4 CHEMICAL COAGULATION/MICROFILTRATION - 
RADIONUCLIDES 

SUSPENDED SOLIDS 
I A 5 COAGULATION/PRECIPITATION/FU.XRATION FOR 

LIST OF TABLES 

TABLE A 1-1 
TABLE A 1-2 
TABLE A 1-3 
TABLE A 2-1 
TABLE A 2-2 
TABLE A 3-1 
TABLE A3-2 
TABLE A 4-1 

GAC TEST COMPONENTS 
GAC TESTS ANALYTE LIST (ORGANICS) 
GAC TESTS ANALYTE LIST (RADIONUCLIDES) 
ION EXCHANGE TEST COMPONENTS 
ION EXCHANGE TESTS ANALYTE LIST 
ADSORBENT TEST COMPONENTS 
ADSORBENT TESTS ANALYTE LIST 
CHEMICAL COAGULATION/MICROFILTRATION 
TESTS ANALYTE LIST 

LIST O F  FIGURES 

FIGURE A 1-1 

FIGURE A 2-1 

GAC TEST APPARATUS FOR ORGANIC AND 
RADIONUCLIDE 
GAC TEST APPARATUS FOR RADIONUCLIDE 
REMOVAL 

RADIONUCLIDE REMOVAL 
FIGURE A 3-1 ADSORBENT TEST APPARATUS FOR 

A 1-1 
A2-1 

A 3-1 

A 4-1 

A5-1 

A 1-4 
A 1-9 

A 1-10 
A2-3 
A2-8 
A3-3 
A.3-7 

A.4-10 

A 1-3 

A2-2 

A3-2 

22SWR1 TC 10-16-90/22558 -111- 



TABLE OF CONTENTS (Continued) 

FIGURE A.4-1 CHEMICAL COAGULATION/MICROF'ILTRATION 
FOR RADIONUCLIDES (REAGENT RACK) k4-3 

FIGURE A 4-2 CHEMICAL COAGvLAnON/MICROFILTRA"ION 
FOR RADIONUCLIDES k4-4 

FIGURE A.4-3 CHEMICAL COAGULATION/MICROFKTRATION 
FOR RADIONUCLIDES (JAR TEST DATA SHEET) A 4-6 

FIGURE A 5-1 COAGUTION/PRECIPITATION/FILTRATION 
FOR SUSPENDED SOLIDS (REAGENT RACK) A 5-3 

FIGURE A 5-2 COAGULATION/PRECIPITA"ION/FILTRATION 
FOR SUSPENDED SOLIDS (JAR TEST DATA 
SHEET) A 5-7 

22558/Rl TC 10-16-90/22558 -1v- 



TABLE OF CONTENTS (Continued) 

VOLUME II 
APPENDIX B SAMPLING AND ANALYSISPLAN 

APPENDIX B-1 FIELD SAMPLJNG PLAN 

1 0  

2 0  

3 0  

4 0  

5 0  

6 0  

7 0  

INTRODUCTION 

SAMPLING OBJECTIVE 

SAMPLING LOCATION AND FREQUENCY 

3 1 SAMPLING LOCATIONS 
3 2 SAMPLING DATES 
3 3 
3 4 NUMBER OF SAMPLES 

CONSTITUENTS TO BE ANALYZED 

SAMPLE DESIGNATION 

SAMPLING EQUIPMENT AND PROCEDURES 

5 1 SAMPLING PROCEDURES 
5 2  EQUIPMENT 
5 3 DECONTAMINATION 
5 4 WASTE MANAGEMENT 

SAMPLE HANDLING AND DOCUMENTATION 

REFERENCES 

B- 1-1 

B- 1-4 

B- 1-5 

B-1-5 
B-1-6 
B-1-6 
B-1-6 

B-1-10 

B-1-11 

B-1-11 
B-1-11 
B-1-11 
B-1-12 

B-1-13 

B-1-14 

LIST OF TABLES 

TABLE B-1-1 VOLUMES OF SURFACE WATER REQUIRED 
FOR TREATABILITY TESTS B-1-7 

22558lR1 TC 10-16-90/22558 -V- 

I 



TABLE OF CONTENTS (Continued) 

LIST OF FIGURES 

FIGURE B-1-1 SURFACE WATER SAMPLING SITES AND 
ALLUVIUM LOCATIONS 

1 0  

2 0  

30 

APPENDIX B-2 SAMPUNG ANALYSIS PLAN 

INTRODUCTION 

11 BACKGROUND 
1 2  SAMPLING OBJECTIVES 

SAMPLE IDENTIFICATION AND ANALYSIS 

2 1 
2 2 
2 3 SAMPLE IDENTIFICATION 

LABORATORIES AND ANALYTICAL METHODS 
SAMPLE CONTAINERS AND PRESERVATION 

SAMPLE COLLECTION 

3 1 SAMPLE LOCATION AND FREQUENCY 

B- 1-2 

B-2- 1 

B-2- 1 
B-2-3 

B-2-5 I 

B-2-5 I 

B-2-5 
B-2-5 

B-2-13 

B-2-13 

3 1 1 Composited Water Characterizauon B-2- 13 
3 1 2  Granular Activated Carbon Treatment for Orgamcs B-2-13 

3 1 4  Ion Exchange Treatment for Radionuchdes B-2-20 
3 1 5  Adsorption of Radionuclides B-2-20 

Radionuclides B-2-2 1 

3 1 3  Granular Activated Carbon Treatment for Radionuclides B-2-19 

3 1 6 Chemcal Coagulation/Microfiltration for 

3 1 7 Coagulation/Precipitation/Filtration for Suspended 
Solids B-2-22 

3 2 SAMPLING PROCEDURES B-2-23 

3 2 1 Composited Water Sampling B-2-25 

225581R1 TC 1@16-90R2558 -vl- 



TABLE OF CONTENTS (Continued) 

I 

3 2 2 Column Sampling 
3 2 3 Jar Sampling 
3 2 4 Solidified Residuals Samplmg 
3 2 5 Decontammation Procedures 
3 2 6 Waste Disposal 

4 0 SAMPLE HANDLING AND SHIPPING 

4 1 HOLDING TIMES 
4 2  SAMPLETRACKING 
4 3 SAMPLE CUSTODY 

I 4 4 SHIPPING PROCEDURES 

LIST OF TABLES 

TABLE 2-1 LABORATORY AND ANALYTICAL METHODS 
TABLE 2-2 
TABLE 2-3 
TABLE 2-4 

ANALYTE LIST FOR METALS SUITE 
ANALYTE LIST FOR VOLATILES SUITE 
SAMPLE CONTAINERS, PRESERVATIVES, AND 

SAMPLE TYPE, LOCATION, AND FREQUENCY 
HOLDING TIMES 

TABLE 2-5 

LIST OF FIGURES 

FIGURE B-2-1 SAMPLE CHAIN OF CUSTODY FORM 

B-2-25 
B-2-26 
B-2-26 
B-2-28 
B-2-29 

B-2-30 

B-2-30 
B-2-30 
B-2-30 
B-2-35 

B-2-8 
B-2-10 
B-2- 1 1 

B-2- 12 
B-2- 14 

B-2-32 

22558fRl TC 10-16 90f22558 -mi- 



I 

TABLE OF CONTENTS (Continued) 

APPENDIX C QUALITYASSURANCE ADDENDUM 

APPROVALS 

TABLE OF CONTENTS 

INTRODUCTION 

1 0  ORGANIZATION 

1 1 RESPONSIBILITIES OF KEY PARTICIPANTS 
1 2  PROJECT DESCRIPTION 

1 2  1 Treatability Study 
1 2 2 Operable Umt 2 Descnption 

- 
2 0 QUALITY ASSURANCE PROGRAM 

2 1 QA PROJECT' PLAN BASIS 
2 2 QUALIFICATIONS OF PROJECT PERSONNEL 
2 3 PERSONNEL TRAINING 
2 4 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

3 0 DESIGN CONTROL 

3 1 DATA QUALITY OBJECTIVE3 

3 1 1 
3 12 
3 13 Data Quality Parameters 

Data Quality Objectives of l h s  Study 
Types of QC Samples 

3 2 ANALYTICAL METHODS 
3 3 SAMPLING PROCEDURES 
3 4 DATA REDUCTION, VALIDATION/VERIFICATION, 

3 5 INTERNAL QUALITY CONTROL CHECKS 
3 6 DATA ASSESSMENT 

AND REPORTING 

1 

2 

5 

8 

8 
8 

10 
12 

13 

13 
13 
14 
14 

15 

15 

15 
19 
22 

24 
25 

26 
28 
28 

22558lR1 TC 10-16-90/22558 -vl11- 



TABLE OF CONTENTS (Continued) 

4 0 PROCUREMENT DOCUMENT CONTROL 

5 0 INSTRUCTIONS, PROCEDURES, AND DRAWINGS 

6 0 DOCUMENT CONTROL 

7 0 CONTROL OF PURCHASED ITEMS AND SERVICES 

I 8 0 IDENTIFICATION AND CONTROL OF ITEMS AND SAMPLES 

8 1 SAMPLE IDENTIFICATION 

8 3 SAMPLE HOLDING TIMES 
8 2 SAMPLE CHAIN-OF-CUSTODY AND SECURITY 

9 0 CONTROL OF PROCESSES 

100 INSPECTION 

11 0 TEST CONTROL 

12 0 CONTROL OF MEASURING AND TEST EQUIPMENT 

12 1 CALIBRATION AND MAINTENANCE 
12 2 PREVENTIVE MAINTENANCE PROCEDURES 

AND SCHEDULE 

13 0 HANDLING, STORAGE, AND SHIPMENT 

14 0 STATUS OF INSPECTION, TEST, AND OPERATIONS 

15 0 CONTROL OF NONCONFORMANCES 

16 0 CORRECTIVE ACTION 

17 0 QUALITY ASSURANCE RECORDS 

18 0 QUALITY VERIFICATIONS 

29 

30 

31 

32 

33 

33 
33 
34 

36 

37 

38 

39 

39 

39 

40 

42 

43 

45 

46 

47 

22SSSIR1 TC 10-16-90/22558 -1x- 



TABLE OF CONTENTS (Continued) 

18 1 FIELD OPERATIONS AUDITS 
18 2 LABORATORY AUDITS 

19 0 SOFIWARE QUALITY ASSURANCE 

REFERENCES 

LIST OF TABLES 

TABLE C-1 LOCATION OF QAMS-005/80 ELEMENTS WITHIN THE 

TABLE C-2 SUMMARY OF ANALYTICAL LEVELS 
TABLE C-3 CHECKLIST FOR VERIFICATfON OF ANALYTICAL 

SITE-WIDE RI/FS QAPjP 

LABORATORY DATA 

LIST OF FIGURES 

FIGURE C-1 PROJECT ORGANIZATION 
FIGURE C-2 WC CHAIN-OF-CUSTODY FORM 
FIGURE C-3 NONCONFORMANCE AND CORRECTlVE ACTION 

REPORT 

47 
47 

49 

50 

7 
17 

27 

9 
35 

44 

22558lR1 TC 10-16-90122556 -X- 



TABLE OF CONTENTS (Continued) 

VOLUME rn 
APPENDIX D HEALTHAND SAF'ETYPLAN 

1 0  PROJECT IDENTIFICATION 1-1 

2 0 STAFF ORGANIZATION 2- 1 

3 0 WORK ACTIVITIES 3- 1 

3 1 FIELD ACTIVITIES 
3 2 LABORATORY ACIIVlTIES 

4 0 HAZARD ASSESSMENT 

4 1 FIELD ACTIVITIES 

4 1 1  Overmew 
4 1 2  HazardSummary 

3-1 
3- 1 

4- 1 

4- 1 

4- 1 
4- 1 

4 1 2  1 Azrborne Effluents - Radioactive Matenals and Beryllium 4-4 
4 1 2 2 Ambient Axborne Nonradioactive Matenals 4-4 
4 1 2  3 Soil 4-4 
4 12 4 Surface Water and Sediments 4-9 
4 1 2 5 Biologcal Hazards 4-9 

4 13 Hazard Analysis Procedure 4-9 

4 1 4  Hazard Assessment by Task 4-10 

4 1 4  1 Traveling To and From Data Gathenng Sites 

Subsection 42 4- 10 
4 1 4  3 Personnel Decontamnation 4-10 
4 1 4 4 Equipment Decontamnation 4- 10 
4 1 4 5 Physical Injunes 4-11 

4-10 
4 1 4 2 Conducting Field Data Collection Actimties Specified in 

2255SlRl TC 10-1690/22558 -xl- 



TABLE OF CONTENTS (Continued) 

4 2  LABORATORY ACTIVITIES 4-11 

4-11 
4- 12 

4 2 1 Field Samples 
4 2 2 Laboratory Matenals 

4-12 4 2 2 1 Dust Hazard 

4-12 4 2 3 Criticality 

5 0 GENERAL HEALTH AND SAFETY REQUIREMENTS 5-1 

5 1 MEDICAL SURVEILLANCE 
5 2 SAFETY TRAINING 

5- 1 
5- 1 

5- 1 
5-2 
5-2 
5-2 
5-2 

5 2 1 
5 2 2 
5 2 3 Onsite Supemsor 
5 2 4 
5 2 5 

40-hour Basic Traimng 
Three-Day Onsite Supervlsion 

Site Safety Officer (SSO) 
Site-specific Safety Onentation Meetmg 

5 3 ACCIDENT/INCIDENT REPORTING 5-3 

5 3 1 

5 3 2 

Woodward-Clyde Consultants (WCC)/Woodward-Clyde 
Federal Semces (WCFS) Procedures 
Rocky Flats Plant Procedures 

5-3 
5-4 

5-6 5 4 VISITOR CLEARANCES 

6 0 SITE-SPECIFIC HEALTH AND SAFETY REQUIREMENTS 6- 1 

6- 1 6 1 FIELD ACTIVITIES 

6 1 1 Work Sites 
6 1 2  Buddy System 
6 13  Work Zones 

6- 1 
6- 1 
6-2 

-Mi- 22558fRl TC 1@16-90/22558 



TABLE OF CONTENTS (Continued) 

6 14 Housekeeping 
6 1 5  General Rules for Field Amvmes 

6-2 
6-3 

6 15 1 6-3 
6 4 5 2 Conducting Field Data Collection Actiwties 6-3 
6 1 5 3 Personal Decontarmnation 6-4 
6 1 5  4 Equipment Decontamnation 6-4 
6 1 5 5 Personal Requirements/Prohibitions 6-4 
6 15 6 Contamnation/Exposure Prevention 6-5 

Traveling To and From Data Gathenng Sites 

6 16 Personal Protective Equipment (PPE) 6-6 

6 16 1 Field Activlties 6-6 
6 1 6 2 6-7 Level D Personal Protective Equipment Items 

6 1 6 2 1 Foot Protection 
6 1 6 2 2 Body Protection 
6 1 6 2 3 Hand Protection 
6 1 6 2 4 Eye Protection 

6-7 
6-7 
6-8 
6-8 

6 1 6 2 5 Cold Weather Items - Worn Under PPE Items Specifiedj-8 

6 1 6 3 Personal Protective Equipment Inspection 

6 17 Action Levels 
6 18 Equipment Decontamnation 
6 1 9  Heat Stress Momtonng 
6 1 10 Work Dunng Darkness 
6 1 11 Confined Work Space 

6 2 LABORATORY ACTIVITIES 

6 2 1 Safety Rules 

6 2 1 1 
6 2 1 2  Conduct 

General Safety 

22558lR1 TC 1@16 90/22558 -Mil- 

6-8 

6-10 
6-10 
6-10 
6-11 
6-11 

6-11 

6-1 1 

6-12 
6-17 



TABLE OF CONTENTS (Continued) 

6 2 1 3 Laboratory Safety 

6 2 1 3 1 Housekeeping 
6 2 1 3 2 Glassware 
6 2 1 3  3 Laboratory Electrical Equipment 

6 2 1 4 Chemcal and Reagents 

6 2 1 4  1 Storage and Handling of Chemcals 
6 2 1 4 2 Disposal of Waste Chemcals 

6 2 2 
6 2 3 Momtoring 
6 2 4 

Specific Work Practices 

Personal Protective Equipment 

7 0 EMERGENCY PROCEDURES 

7 1 FIELD ACTIVITIES 

7 1 1 Emergency Equipment 
7 1 2  Radio Commumcations 
7 1 3  Emergency Telephone 
7 1 4  Emergency Medical Facilities 
7 1 5  Emergency Response Procedures 

7 1 5  1 Fire/Explosion 
7 1 5  2 Physical Injury 
7 1 5 3 Injury Due to Heat 
7 1 5  4 Injury Due to Cold 
7 15 5 Emergency Semces 
7 1 5 6 Notification Requirements 
7 1 5  7 Spills 

7 2 LABORATORY ACTIVITIES 

m 

6-18 

6-20 
6-20 
6-22 

6-23 

6-23 
6-25 

6-26 
6-26 
6-26 

7-1 

7-1 

7-1 
7-1 
7-2 
7-2 
7-2 

7-2 
7-4 
7-4 
7-5 
7-7 
7-9 
7-9 

7-10 

225581R1 TC 10-16 90122558 -MV- 



TABLE OF CONTENTS (Continued) 

7 2 1 Accident Involvlng Injury 

7 2 1 1 
7 2 1 2 
7 2 13  

Minor Injury Requmng a Doctor 
Major Injury 
Injunes Involvlng WC Personnel 

7 2 2  Fire 
7 2 3 Building Evacuation 

I 8 0 LOGS, REPORTS, AND RECORDKEEPING 

8 1  GENERAL 

8 2 FIELD ACTIVITIES 

8 2 1 
8 2 2 PERSONNEL RECORDS 

HEALTH AND SAFETY LOGBOOK 

LIST OF TABLES 

2-1 RESPONSIBILITIES AND AUTHORITY OF HEALTH AND 
SAFETY PERSONNEL 

4-1 MONITORING STATIONS 

4-2 PLUTONIUM AND AMERICIUM IN AIRBORNE EFFLUENTS 

4-3 URANIUM AND TRITIUM IFJ AIRBORNE EFFLUENTS 

4-4 BERYLLIUM IN AIRBORNE EFFLUENTS 

4-5 MONITORING RESULTS AND 1988 NATIONAL AMBIENT 
AIR QUALITY STANDARDS (NAAQS) FOR PARTICULATES 

7-10 

7-10 
7-10 
7-12 

7-12 
7- 13 

8-1 

8-1 

8-1 

8-1 

2-2 

4-3 

4-5 

4-6 

4-7 

4-8 

22558tR1 TC 10-16 9U225.58 -xv- 



TABLE OF CONTENTS (Continued) 

7-1 EMERGENCY TELEPHONE NUMBERS 7-8 

, LIST OF FIGURES 

I 1-1 LOCATIONMAP 1-3 

1-2 ROCKY FLATS PLANT GENERAL MAP 1-4 

1-3 OPERABLE UNIT NUMBER 2 1-5 

4-1 SURFACE WATER AND SEDIMENT MONITORING STATIONS 4-2 

7-1 MEDICAL FACILITY MAP 

LIST OF ATTACHMENTS 

ATTACHMENT A - SUMMARY OF ANA.L.Y'IES 

ATTACHMENT B - SUMMARY OF ANALYTICAL RESULTS AND 
TOXICITY INFORMATION 

ATTACHMENT C - MEDICAL SURVEILLANCE REQUIREMENTS 

ATTACHMENT D - WCC ACCIDENT/INCIDENT FORM 

AITACHMENT E - OPERATING PROCEDURES 

HEAT STRESS 

COLD STRESS 

RESPIRATOR INSPECTION, CARE, MAINTENANCE, AND 
STORAGE 

7-3 

22558lR1 TC 1&16-90/22558 -m- 



TABLE OF CONTENTS (Continued) 

DECONTAMINATION 

SITE SAFETY ORIENTATION/T€LWWVG MEETINGS 

SITE CONTROL 

EMERGENCY PREPAREDNESS 

PERSONNEL ASSIGNMENTS 

AlTACHMENT F - EXPOSURE LIMITS 

AlTACHMENT G - MATERIAL SAFETY DATA SHEETS FOR M O R A T O R Y  
WORK 



1 0  
INTRODUCTION 

The purpose of this project is to provlde techca l  support m the form of bench scale 

treatabdity tests to the Rocky Flats Plant @UT) Enwonmental Restoration Program 

These tests are intended to support the surface water Intenm Measure/Interim 

Remedial Action (IM/IRA) Proposed Deasion Document, September 26, 1990 for 

Operable Unit 2 (OU2) 

Numerous technologies that appeared to be potentially applicable for treating OU2 

surface waters were screened for treatability testing Contarmnants consist of volatile 

I compounds (VOC), radionuclides, and total suspended sohds (TSS) The technologies 

selected for screerung were lmted to those already commercially established or which 

have demonstrated potential for processing simlar contarmnants Additionally, the 

technologies considered were required to be readlly mplementable (1 e ,  standard pre- 
engineered umts available) wthin a short time frame 

a 
The followng technologies were selected for testing on a laboratorylbench scale basis 

0 Granular Activated Carbon (GAC) for removal of Volatile Orgamcs 

0 GAC for removal of Radionuclides 

0 Ion Exchange for removal of Radionuclides 

0 Selected Adsorbents for removal of Radionuclides 

0 Chermcal Coagulation/Microfiltration for removal of Radionuclides 
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e Coagulation/Precipitation/Filtration for removal of suspended solids 

e Solidification/Stabibtion of selected treatment system residuals 

This report discusses the technologes considered and the process used to screen them 

for treatability testing A discussion on how water samples wdl be collected from the 

surface water stations and seeps at OU2 is also provlded. A schedule for performng the 

treatability studies is also presented 

Appendlx A presents the Treatability Study Work Plans (TSWPs) for the selected 

S A P  is the Field Sampling Plan (FSP) and the Analysis Plan for untreated samples 

Appendlx C includes the Quality Assurance Addendum (QAA), whch is an addendum 

to the Quality Assurance Project Plan (QAPjP) Appendlx D presents the Health and 
Safety Plan (HSP) 

I technologes Appendlx B includes the Sampling and Analysis Plan (SAP) Within the 

I 
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TABLE 1-1 
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REMOVAL OF RADIONUCUDES BY CHEMICAL 
COAGULATlON/MICROFILTRATION 
COLORADO DEPARTMENT OF HEALTH 

COMPREHENSIVE ENVIRONMENTAL REPORT, 
COMPENSATION, AND LIABILITY ACT OF 1980 

STUDY 
CORRECTWE MEASURES STUDY/FEAsIBIISI"y 

CHAIN OF CUSTODY 
REMOVAL OF SUSPENDED SOLIDS BY 
C o A G v L A n O N I P R E C L ~ ~ O N  
COMPOSITED WATER CHAIUCIERIZATION 
DEPARTMENT OF ENERGY 
DEPARTMENT OF TRANSPORTATION 

DATA QUAIUTY OBJECTIVE 
EXTRWI'ION PROCEDURE 
ENVIRONMENTAL REPORT 
FIELD SAMPLING PLAN 
FILOX ADSORPTION COLUMN 
GRANULAR ACTIVATED CARBON 
REMOVAL OF VOLATILES BY GRANULAR 
ACTIVATED CARBON 
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TABLE 1-1 (continued) 

GAR 

G R W  

HSWA 

HSP 
IAG 
E X  

IHSS 

IM/IRA 

LAP 
MS 
MSD 
NPDES 

ou 
PCE 

QA 
QM 

QA/QC 
QMjP 
RCRA 

RFP 
RFI/RI 

REMOVAL OF RADIONUCLIDES BY GRANULAR 
ACTIVATED CARBON 
GENERAL RADIOCHEMISTRY AND ROUTINE 
ANALYTICAL SERVICES PROTOCOL 
HAZARDOUS AND S O D  WASTE AMENDMENTS 
OF 1984 

HEALTH AND SAFETY PLAN 
INTER-AGENCY AGREEMENT 
REMOVAL OF RADIONUCLIDES BY ION 
EXCHANGE 
INDIVIDUAL HAZARDOUS SUBSTANCE SITES 
INTERIM MEASURE/INTERIM REMEDIAL 
ACI'ION 
LABORATORY ANALYSIS PLAN 
MATRIX SPIKE 
MATRIX SPIKE DUPLICATE 
NATIONAL POLLUTANT DISCHARGE 
ELIMINATION SYSTEM 
OPERABLE UNIT 
TETIUCHLOROETHENE 
QUALITY ASSURANCE 
QUALITY ASSURANCE ADDENDUM 
QUALITY ASSURANCE/QUALITY CONTROL 
QUALITY ASSURANCE PROJEm PLAN 
RESOURCE CONSTRUCTION AND RECOVERY 
ACT OF 1976 

ROCKY FLATS PLANT 
RCRA FACILITY INVESTIGATION/REMEDIAL 
INVESTIGATION 
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TABLE 1-1 (contmued) 

RI/FS 

SAP 

SARA 

SOP 
SSR 
TCE 
TCLP 

TDS 
TOC 
TPS 
TSP 
TSS 
TSWP 
USEPA 

Pg/f 
voc 

CERCLA REMEDIAL IMrESTIGATIONS/ 
F E A s I B m  STUDIES 
SAMPLING AND ANALYSIS PLANT 
SUPERFUND AMENDMENTS AND 
REAUTHORIZATION ACT OF 1986 
STANDARD OPERATING PROCEDURE 
SOLIDIFICATION/STABJTTION OF RESIDUALS 
TRICHLOROETHENE 
TOXICITY CHARACERISTICS LEACHING 
PROCEDURE 
TOTAL DISSOLVED SOLIDS 
TOTAL ORGANIC COMPOUNDS 
TEST PROGRAM SCHEDULE 
TREATABILITY STUDY PLAN 
TOTAL SUSPENDED SOLIDS 

TREATABILITY STUDY WORK PLAN 
U S ENVIRONMENTAL PROTECTION AGENCY 
MICROGRAMS PER LITER 
VOLATILE ORGANIC COMPOUND 
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2 0  
SITE BACKGROUND 

I 

The Rocky Flats Plant (RFP) 1s located m northern Jefferson County, Colorado, 
approxlmately 16 mles northwest of downtown Denver (Figure 2-1) The Plant buildings 
are located wthin an area of approxlmately 400 acres, known as the RFP security area 
The secunty area is surrounded by a buffer zone of approxlmately 6,150 acres 

The RFP is currently an interim status Resource Conservation and Recovery Act 
(RCRA) hazardous waste treatment/storage facility In the past, both storage and 
disposal of hazardous and radioactive wastes occurred at onsite locations Prelimnary 
assessments conducted under Phase 1 of the ER Program identified some of the past on- 
site storage and disposal locations as potential sources of envlronmental contammation 
There are 20 sites designated as (IHSS) which compnse the 903 Pad, Mound, and East 
Trench Areas These sites are known collectively as Operable Umt 2 0 
The Department of Energy (DOE) is pursuing an interim remedial action for surface 
water at the 903 Pad, Mound, and East Trenches Areas, now termed OU2, at the Rocky 
Flats Plant (RFP) In accordance wth The Interagency Agreement (IAG) the Resource 
Conservation and Recovery Act of 1976 (RCRA) as amended by the Hazardous and 
Solid Waste Amendments of 1984 (HSWA), and the Comprehensive Envlronmental 
Response, Compensation, and Liability Act of 1980 (CERCLA) as amended by the 
Superfund Amendments and Reauthonzation Act of 1986 (SARA), an Interim 
Measures/Interim Remedial Action (IM/IRA) is being conducted to rmmmize the 
migration of hazardous substances ma surface water from areas that pose a potential 
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FIGURE 2 - 1 .  Location of Rocky Flats Plant 1 h c t  

-- 
kource Siirlace Wale1 IM/IRAP and Decision Documenr 25 R4ay 1990 Draft 
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long-term threat to the public health and envlronment DOE IS implementing an 
‘ a  

IM/IRA Plan at the request of Enwonmental Protection Agency (EPA) and Colorado 
Department of Health (CDH) Also a factor is the length of tune it typically takes to 
finalize a RCRA Facility Investigation/Remedial Investigation (RFI/RI), and Corrective 

Measures Study/Feasibility Study (CMS/FS) 

Orgamc and iorgamc contarmnation of surface water has resulted from past operational 

practices no longer perrmtted under current regulations Subsection 2 3, Suspected 
Contarmnant Sources, details the sites wthm Operable Umt No 2 

In March 1987, a Phase I Remedial Investigation (RI) under the Enwonmental 
Restoration (ER) Program [formerly known as the Comprehensive Enwonmental 

Assessment and Response Program (CEARP)] began at OU2 The investigation 
consisted of the preparation of detaded topographic maps, radiometric and orgamc vapor 
screemng surveys, surface geophysical surveys, a soil gas survey, a bonng and well 
completion program, soil sampling, and ground and surface water sampling Phase I 
field activlties were completed at OU2 dunng 1987, and a draft RI report was submtted 

to EPA and CDH on December 31, 1987 (Rockwell International, 1987a) Phase I data 
did not allow adequate defimtion of the nature and extent of contamnation for the 

purpose of conducting a feasibility study of remedial alternatives pertaimng to 
contamnated media A draft Phase I1 RI Sampling Plan that presents the details and 
rationale for further field work to achieve this objective was subnutted to the regulatory 
agencies in June 1988 (Rockwell International, 1988a) This draft sampling plan was 
subsequently revlsed and subnutted as a final Phase I1 RCRA Facility 

Investigation/Remedial Investigation Feasibility Study (RFI/RIFS) sampling plan in 
April 1990 (EG&G, 1990a) The plan was approved by EPA in May 1990 

~ 

A draft Interim Remedial Action Plan (IRAP) plan for contammated groundwater at 
OU2 was subnutted in December 1989 (Rockwell International, 1989a) The plan was 
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prepared based on limted knowledge of the nature and extent of groundwater a 
contamnation Regulatory agency revlew of the document detemned that, although 
an IM/IRA for groundwater is required by the 1989 Agreement in Prinaple between 
DOE and CDH, insufficient information on the nature and extent of groundwater 
contamnation exlsts at this bme to pursue effective groundwater remediation In order 
to facilitate early evaluation of the need for an IM/IRA for groundwater at OU2, the 
final Phase I1 RFI/RIFS sampling plan incorporates a phased mvestigation approach 
The plan was approved by the regulatory agencies. The phased approach is to 

investigate alluvlal and hydraulically connected bedrock mgration pathways first, and 
then to subsequently investigate groundwater contamnant sources This wll allow 
planrung, design, and implementation of a groundwater IM/IRA, if necessary, before 
completion of the RFI/RI and Corrective Measures Study/Feasibility Study (CMS/FS) 
for OU2 In February 1991, a Phase I1 alluvlal Drilling Program wll begin, wth a Phase 
I1 Bedrock Drilling Program commencing in the summer, 1991 

I 

EG&G has prepared an IM/IRA Plan to identify, screen, and evaluate appropriate 
interim remedial action alternatives, and select the preferred interim remedial action for 
the contamnated surface water 

2 1  DESCRIPTION OF SITE 

Samples of surface water w11 be collected for use in the treatability study Surface water 
sampling activlties wll be conducted and documented m a manner to ensure that 
sufficient data of known quality are collected to support sound decisions concermng 
treatment selection The hydrogeology, hydrology, and climate associated wth the site 

w11 affect sampling actinties These factors are desmbed m the followng sections 
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2 1 1 Hvdrogeolomc setting 

The hydrogeologic framework of the area under investigation directly affects the 

movement, quality, and volumes of groundwater and surface water avadable for 

sampling Therefore, an overnew of the hydrogeology 1s presented to describe 

hydrogeologc factors that impact samplmg A bnef descnption of the stratigraphy and 

structural geology is included 

2 1 2  StratieraDhy 

The rocks 111 the Rocky Flats Plant (RFP) area range in age from Precambnan to 

Holocene The oldest rocks are the Precambrian gneisses, schists, and quartzites that 

form the core of the Front Range west of the area Beneath the area, the Precambrian 

rocks are at a depth of about 12,000 feet Stratigraphically above these rocks are 

sedimentary bedrock formations which range in age from Pennsylvaman to Late 

Cretaceous, and surficial deposits which range 111 age from Pleistocene to Holocene The 

surficial deposits rest unconformably on the eroded surface of the folded and faulted 

bedrock formations (U S Geological Survey, 1976, 3p) 

2 1 2  1 Surficial Deposits 

The surficial umts found in the area of this investigation are the Rocky Flats Alluvlum 

(Pleistocene), the Slocum Alluvlum (Pleistocene), and a rmnor area of Holocene or 

Pleistocene landslide deposit The surficial matenals are underlain by the Arapahoe 

Formation (Upper Cretaceous) 

Surfiaal deposits wthin the RFP area are generally less than 50 feet thick and consist 

of terrace alluvium, collumum, and valley-fill alluwurn All of the surficial deposits 

consist of clay, silt, sand, gravel, cobbles, and frequently boulders The source of these 



deposits is pnmarily the Precambnan quartzite from the mountam to the west, but also 

includes the sedimentary bedrock and older surficial deposits 

The oldest surficial deposit on the RFP property is the Rocky Flats alluwum, which 

dormnates the topography and hydrology of the entire property The Rocky Flats 

Allurnurn is a broad planar deposit which, m tlvs area, is an allurnal fan deposited 

downslope from the mouth of Coal Creek Canyon Contact spnngs commonly issue from 

the base of the Rocky Flats Allurnum The next youngest formations are the Verdos and 

Slocum Alluwums These formations are of little hydrologic importance 

2 1 2 2 Bedrock Formations 

The Arapahoe Formation is the uppermost bedrock formation and is either exposed at 

land surface or covered unconformably by unconsolidated surficial deposits The 

Arapahoe Formation is a continental deposit of lenticular sands interbedded with clay 

Maxlmum thickness of the formation in the RFP area is about 270 feet The contact 

between this umt and the overlymg surficial matenals produces interrmttent seeps and 

springs in the investigation area The Rocky Flats Allurnum contact wth the underlyng 

Arapahoe Formation is shown in Figure 2-2 Figure 2-2 also lflustrates the locations of 

the surface water sampling sites to be considered for use in this investigation Many of 

the sites are located near the point of contact between the alluvlal and bedrock 

formations 

The hydrogeologic system exhibits dynmc interaction between groundwater and surface 

water Annual fluctuations in the potentiometnc surface produce penods during which 

no flow occurs from seeps in the investigation area 
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A discussion of surface water chemstry for the 903 Pad, Mound, and East Trenches 
Areas is also one of groundwater chemstry as many of the surface water samples to be 
collected for this investigation wdl be collected from seeps that represent the surfacing 

of groundwater In addition there is frequent lnteraction of surface water and 
groundwater in the drainages For example, dunng drought penods of low stream flow, 
groundwater may contnbute to streamflow under base flow conditions Conversely, 
dunng wetter penods of the year wth high volumes of streamflow, streamflow is 
recharged laterally into the aquifer adjacent to the'stream The seeps are intermttent 
and are located downslope and southeast of the 903 Pad Area 

2 1 3  1 Groundwater 

Groundwater is present in the Rocky Flats Alluvlum, colluvlum, and valley fill alluwum 
under unconfined conditions Recharge to the water table occurs as infiltration of 

incident precipitation and as seepage from ditches and creeks In addition, retention 
ponds along South Walnut Creek and Woman Creek recharge the valley fill alluwum 
Figure 2-3 presents the potentiometnc surface of the water table measured on December 
1, 1987, and the locations of alluvlal and bedrock wells in the vlcin~ty of OU2 

The shallow groundwater flow system exhibits large water level changes in response to 
precipitation events, stream flow, and ditch flow. For example, between md-Apnl and 

September, 1986, water levels dechned as much as eight feet occur 111 wells which are 
completed in valley fill alluwum (U S DOE, May 25, 1990, 2-14 p) The water levels 

in alluvlal wells are highest during the months of May and June Water levels decline 

during late summer and fall, as evidenced by wells that go dry during this time of year 

Alluvlal groundwater discharges to seeps, springs, surface water drainages, and 

subcropping Arapahoe formation sandstone at OU2 Groundwater in colluwal materials 
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south of the 903 Pad and East Trenches Areas dlscharges to the South Interceptor Ditch, a 
and groundwater m valley fill matenals discharges to Woman or South Walnut Creeks 
Figure 2-2 illustrates the location of Woman Creek and South Walnut Creek, the shaded 
areas of Figure 2-2 are the areas overlam by alluwal matenals The dark h e  bordenng 

the shaded areas delineates the approxlmate pomt of contact between alluuum and 

underlymg Arapahoe Formation The average groundwater flow velocities in the Rocky 

Flats Alluwum, Woman Creek Valley fill alluwum, and South Walnut Creek Valley fill 

allumum are approxlmately 84 ft/yr, 145 ft/yr, and 20 ft/yr, respectwely The average 
groundwater flow velocities calculated for vmous surficial matenals assume the 

materials are fully saturated year round However, portions of the Rocky Flats 
Alluwum, collumum, and valley fill allumums are not saturated dunng the entire year 

Thus, dissolved constituents in the shallow flow system do not actually move at the 
calculated velocities for the entire year 

2 13  2 Surface Water 

Walnut, South Walnut, and Woman Creeks dram the OU2 site The dramage basins of 
Walnut, South Walnut, and Woman Creeks are represented on Figure 2-4 Walnut 
Creek, Woman Creek and South Walnut Creek flow eastward 

South Walnut Creek 

The headwaters of South Walnut Creek have been filled dunng construction of plant 
facilities As a result of this, flow onginates from a buned culvert located west of 

, Building 991 (see Figure 2-5) The discharge from the corrugated metal pipe is 

augmented by flow from a concrete pipe (SW-59) at a point north of the Mound Area 
The flow from the concrete pipe origmates as seepage from the hillside south of Building 
991 and flows into a ditch along the slope The combined flow then enters the South 

Walnut Creek retention pond system 
~ 



Below the retention ponds, South Walnut Creek, Walnut Creek, and an unnamed 
tributary join wthin the buffer zone before flowng mto Great Western Reservoir Great 
Western Reservoir is located appromately one rmle east of this confluence The South 
Walnut Creek retention pond system (see Figure 2-2) consists of five ponds (B-1, B-2, 

B-3, B-4 and B-5) that retain surface water runoff and Plant discharges for the purpose 

of momtoring before downstream release of these waters All flow in the pond system 

is eventually retamed in Pond B-5 where it is momtored for quality before discharge in 
accordance wth the Plant’s National Pollutant Discharge Elimnation System (NPDES) 
perrmt (discharge point 006) Ponds B-1 and B-2 are reserved for spill control, surface 

water runoff, or treated samtary waste of questionable quality Pond B-3 is used as a 
holding pond for samtary sewage treatment plant effluent The normal discharge of 
Pond B-3 is to a spray system located in the mcimty of the East Trenches Pond B-4 and 
B-5 receive surface water runoff from the central portion of the Plant, and occasional 

discharges from Pond B-3 

The surface water runoff received by Pond B-4 is collected by the Central Avenue Ditch 
and upper reaches of South Walnut Creek 

Woman Creek 

Woman Creek is located south of the Plant wth headwaters in largely undisturbed 

Rocky Flats Alluwum Storm runoff and water seeps from the southern part of the Plant 
is collected in the South Interceptor Ditch located north of the creek and delivered 
downstream to Pond C-2 (Figure 2-2) Pond C-1 (upstream of C-2) receives stream flow 
from Woman Creek The discharge from Pond C-1 is diverted around Pond C-2 into the 

Woman Creek channel downstream Water m Pond C-2 is discharged to Woman Creek 
in accordance with the Plant NPDES perrmt (discharge point 007) 
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a Flow in Woman Creek and the South Interceptor Ditch is ephemeral During 1986 and 
1987, there was no mible surface flow in Woman Creek downstream of Pond C-2 The 
ephemeral nature of surface water flow observed for Woman Creek and the South 
Interceptor Ditch is due to changes m base flow conditions produced by the shallow 
ground-water table 

2 1 4  

Precipitation, principally from rainfall and to a lesser extent from snowmelt, produces 
surface runoff in the RFP area The Rocky Flats Plant is situated in a semarid region, 
averaging 15 inches of annual preapitation Forty percent of the yearly total comes in 
the spnng, much of it in the form of snow Of the balance, 30 percent is accounted for 
by summer thunderstorms, wth  the rest occurnng m the fall (11 percent) and wnter 

months (19 percent) Runoff control 
structures exlst to channel surface water from the Plant to momtoring ponds These 
structures are sized to accommodate the 100-year storm event which is equivalent to four 
inches of rain in a SIX hour period 

Average yearly snowfall averages 85 inches 

e 

2 2 SURROUNDING AREAS 

The Rocky Flats Plant (RFP) is located in northern Jefferson County, Colorado, 
approxlmately 16 mles northwest of downtown Denver The Plant site consists of 

approxlmately 6,550 acres of federally-owned land in Sections 1 through 4, and 9 through 
15, of T2S, R70W, 6th pnncipal mendian Plant buildings are located within an area of 
approxlmately 400 acres, known as RFP secunty area The secunty area is surrounded 

by a buffer zone of approxlmately 6,150 acres 
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2 3 SUSPECTED CONTAMINANT SOURCES 

The IM/IRA Proposed Decision Document, September 26,1990, descnbes the suspected 
contmnant sources in OU2 There are 20 sites designated as (IHSS) which compnse 
the 903 Pad, Mound, and East Trench Areas These sites are known collectively as 
OU2, and are located east-southeast of the RFP (Figure 2-2) The followng sections 
descnbe each of the sites 

903 Pad Area 

Five sites are located wthin the 903 Pad Area (Figure 2-5) These sites are 

903 Drum Storage Site (IHSS Ref No 112) 

903 Lip Site (IHSS Ref No 155) 

Trench T-2 Site (IHSS Ref No 109) 
Reactive Metal Destruction Site (IHSS Ref No 140) 

Gas Detoxlfication Site (IHSS Ref No 183) 

0 

Presented below are bnef descriptions of each of these sites and the wastes stored or 
disposed there 

903 Drum Storage Site (IHSS Ref No 112) - The site was used from 1958 to 1967 to 
store drums contamng radioactively contammated used-machine cutting oil The drum, 
some of which corroded and leaked, contamed ods and solvents contarmnated wth  

plutomum or uramum Most of the drums contamed lathe coolant consisting of mneral 
oil and carbon tetrachloride (CCh) in varying proportions However, an unknown 

number of drums contained hydraulic oils, vacuum pump oils, tnchloroethene (TCE), 

tetrachloroethene (PCE), silicone oils, and acetone. Ethanolarmne was also added to e 



new drums after 1959 to reduce the drum corrosion rate All drums were removed by 
1968 

After the drums were removed, efforts were undertaken to scrape and move the 
plutomum-contammated soil mto a relatively small area, cover it wth fill matenal, and 
top it w th  an asphalt contamment cover This remedial action was completed in 
November 1969 An estimated 5,000 gallons of hquid leaked mto the sod d u n g  use of 

the drum storage site The liquid was estimated to contain 86 grams of plutomum 

903 Lip Site (IHSS Ref No 155) - During drum removal and cleanup actinties 
associated wth the 903 Drum Storage Site, wnds distnbuted plutomum beyond the pad 
to the south and east Although some plutomum-contammated sods were removed, 
radioactive contamnation is still present at the 903 Lip Site in the surficial soils 

0 Trench T-2 Site (IHSS Ref No 109) - This trench was used pnor to 1968 for the 

disposal of samtary sewage sludge and flattened drums contammated wth uramum and 
plutomum 

Reactive Metal Destruction Site (IHSS Ref No 140) - This site was used during the 
1950s and 1960s pnmarily for the destruction of lithium metal Small quantities of other 

reactive metals (sodium, calcium, and magnesium) and some solvents were also 

destroyed at this location 

Gas Detoxlfication Site (IHSS 193) - Budding 952, located south of the 903 Drum 
Storage Site, was used to detoxlfy vanous bottled gases between June 1982 and August 
1983 
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Mound Area 

The Mound Area is composed of four sites (Figure 2-4) These are 

Mound Site (IHSS Ref No 113) 
Trench T-1 Site (IHSS Ref No 108) 
Oil Bum Pit No 2 Site (IHSS Ref No 153) 
Pallet Bum Site (IHSS Ref No 154) 

These sites are described indimdually below 

Mound Site (IHSS Ref No 113) - The Mound Site contamed approxlmately 1,405 drums 
contaimng primarily depleted uramum and plutomum contammated lathe coolant Some 

drums also contained "Perclene I' Perclene was a brand name of tetrachloroethene 
Some of the drummed wastes placed in the Mound Site were m solid form Cleanup of 
the Mound Site was accomplished in 1970, and the materials removed were packaged 
and shipped to an off-site DOE facility as radioactive waste Subsequent surficial soils 
sampling in the vlcimty of the excavated Mound Site indicated 0 8  to 1125 
disintegrations per mnute per gram (d/m/g) alpha actiwty This radioactive 
contamnation is thought to have come from the 903 Drum Storage Site vla wnd 
dispersion rather than from the Mound Site. 

, 

Trench T-1 Site (IHSS Ref No 108) - The trench was used from 1954 until 1962 and 
contains appronmately 125 drums filled wth depleted urmum chips and plutomum 
chips coated wth lathe coolant The drums are still present in this trench 

Oil Bum Pit No 2 Site (IHSS Ref No 153) - 011 Bum Pit No 2 is actually two parallel 

trenches which were used in 1957 and from 1961 to 1965 to burn 1,083 drums of oil 

2-17 



contaimng uramum The residues from the bumng operations and some flattened 
drums were covered wth backfill Cleanup operations were performed in the 1970s 

Pallet Bum Site (IHSS Ref No 154) - An area southwest of 011 Bum Pit No 2 was 
reportedly used to destroy wooden pallets m 1965 The types of hazardous substances 
or radionuclides that may have been spilled on these pallets is unknown Cleanup 
actions were performed in the 1970s 

East Trenches Area 

The East Trenches Area consists of mne burial trenches and two spray irrigation areas 
(Figure 2-4) The trench numbers and their respective IHSS designations are 

Trench T-3 - IHSS Ref No 110 
Trench T-4 - IHSS Ref No 111 1 

Trench T-5 - IHSS Ref No 111 2 

Trench T-6 - IHSS Ref No 111 3 

Trench T-7 - IHSS Ref No 111 4 

Trench T-8 - IHSS Ref No 111 5 
Trench T-9 - IHSS Ref No 111 6 
Trench T-10 - IHSS Ref No 111 7 
Trench T-11 - IHSS Ref No 111 8 

Trenches T-3, T-4, T-10, and T-11 are located north of the east access road, and trenches 
T-5 through T-9 are located south of the east access road The trenches were used from 

1954 to 1968 for disposal of depleted urmum, flattened depleted uramum- and 
phtomum-contamnated drums, and samtary sewage sludge The wastes have not been 

disturbed since their bunal 
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IHSS numbers 216 2 and 216 3 were used for spray irrigation of sewage treatment plant 
effluent These areas have been designated as IHSS because of the potential for 
chromum contarmnation that resulted from a Plant spill of chromc acid that entered 
the samtary sewers on February 23, 1989 Based on results of sampling after the 
February spill, leachable chromum concentrations in soils were sigmficantly below the 
RCRA Extraction Procedure (EP) Toxlcity h t s  

e 

2 4  PROBABLE GROUNDWATER AND SURFACE WATER TRANSPORT 
PATHWAYS 

Transport occurs in both groundwater and surface water The sources were detailed 
above Distribution in groundwater and surface water is discussed in Subsection 15 

2 5 CONTAMINANT DISTRIBUTION 

Contarmnants move from the groundwater system to the surface water system at seeps 
in the investigation area The contarmnants present m each area of OU2 are described 

in subsections 2 5 1 and 2 5 2 

2 5 1 Groundwater Cont aminatioq 

The followng discussion is based on the information presented in the draft Groundwater 
Interim Measures/Interim Remedial Action Plan and Decision Document, September 
26,1990 Many seeps or stream stations were dry during some samplings The following 
discussion of volatile orgamcs, metals and morgamcs focuses on groundwater sampling 
results for the second quarter of 1989 This information IS presented in the IM/IRA 
Draft Decision Document for OU2, May 1990 The discussion of 1989 radionuclide data 
in the IM/IRA report relies on first quarter results because complete second quarter 
data are unavailable l 

- 
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2 5 1 1 Volatlle Orgamc Contamnation 
a 

Carbon tetrachlonde (Ccb, tetrachloroethene (PCE), and tnchloroethene (TCE) are the 
primary volatlle orgamc contarmnants 111 the unconfined groundwater flow system 

Carbon Tetrachlonde 

Carbon tetrachloride (CCl,) occurs in groundwater east, southeast and northeast of the 
903 Pad Area Of the downgradient wells in this area, 1-71 and 15-87 contain the 
highest levels of CCL,, 690 and 1100 mcrograms per liter (ug/l), respectively The 
downgradient concentrations (in wells 36-87 and 42-86) are greater than the upgradient 
concentrations (in wells 17-87 and 25-87) This indicates that the northern East 
Trenches may be a second source of Ccl, 

Tetrachloroethene 

The Mound Area appears to be the primary source of tetrachloroethene (PCE) wthin 

the area of mvestigation A plume of PCE w t h  

concentrations greater than 100 pg/l extends east and southeast (downgradient) from the 
Mound Area to at least well 36-87 The extent of this plume is not well defined PCE 

was also detected in wells southeast (downgradient) of the 903 Pad and Trench T-2 (2- 

71, 15-87, and 1-71), although the concentrations were lower than m the Mound Area 
wells 

Well 1-74 contained 45000 pg/l 

Trichloroethe ne 

The distribution of trichloroethene (TCE) indicates that all three RI areas are sources 
of this volatile orgamc TCE in wells 1-71, 2-71, 14-87, and 15-87 suggests the 
upgradient 903 Drum Storage Site and possibly Trench T-2 and the Reactive Metal 
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Destruction Site as potential sources Slrmlarly, TCE in wells 1-74, 17-87, and 35-86 

suggests the Mound Area as a source TCE downgradient of Trenches T-3 and T-4 and 

also indicates the East Trenches as potential sources Well 36-87 wthin the latter area 

exhibited the highest concentration, 12000 pg/l 

Other Volatile Oreamc ComDoundS 

Second quarter 1989 data mdicate contamnation in groundwater by volatile orgamc 

compounds other than CC14, PCE and TCE, but to a much lesser extent Details 

concermng the distnbution of other volatile orgamc compounds is included in the 

IM/IRA Draft Decision Document, May 1990 

2 5 1 2 Inorgamc Contamnation 

The IM/IRA Draft Deasion Document contans details concemng the distnbution of 

inorgamc contamnation in OU2 The followng summarizes the information contained 

in that document Exact values and tables are contained in the Draft Decision 

Document 

Metals 

Analytical data for waters from wells tested in the second quarter 1989, located at the 

903 Pad, Mound and East Trenches Areas, showed above-background concentrations of 

all dissolved metals being measured except for beryllium, cadmum, cobalt, cesium, and 

thallium 
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Dissolved Radionuclides 
‘ 0  

Three uramum isotope concentrations (U-234, U-235, and U-238) were measured above 
background at the 903 Pad, Mound and East Trenches Areas, in the first quarter of 
1989 For example, several wells wthin or downgradient of the 903 Pad Area exhibit 
uramum 238 in excess of background, wth a maxlmum of 28 f 2 pc1/1 at well 12-87 (in 
weathered sandstone) Mound Area wells 23-87 (in weathered sandstone) and 17-87 (in 
Rocky Flats Allumum) both contamed urmum above background, whereas wells 1-74 
(in weathered claystone) and 35-86 (in valley fill alluwum) did not contain above- 
background uramum The only well that did not have above-background concentrations 
of dissolved uramum in the vlcimty of the East Trenches Areas was 3-74 (in weathered 
claystone) The areal distribution of uramum in this area is not well known In general, 

other dissolved radionuclides were not present above background in the first quarter of 
1989, but there were earlier samples that contamed plutomum and/or americium above 
background Results at wells 15-87 were the most elevated (plutomum - 0522 & 117 

, 

0 
Pa/1 and 0 199 k 0 07 Pci/l, amencium - 0 831 f 0 148 Pci/l and 0 06 f 05 Pci/l) 

2 5 2 Surface Water Contamination 

The followng discussion is based on information presented in the proposed surface 
water IM/IKA Plan and Decision Document, September 26, 1990 Many seeps or 

stream stations were dry most of the year and could not be sampled 

Five tables from the IM/IRAP document are presented introductory to this section to 
list chemcal-specific AR4Rs and flow-weighted maxlmum concentrations of 

contamnants of concern 

2-22 



Tables 2-1 through 2-4 present chemcal spec& ARARs for volatile orgmcs, metals 
detected above background, morgamc constituents detected above background, and 
radionuclides detected above background m surface water at OU2 

Table 2-5 presents flow weighted maximum concentrations at vmous groups of stations 

The data presented in the table include the average and maxlmum concentrations at the 
group of stations, the estimated flow at the group of stations based on wet season flow 
measurement, the flow weighted average concentration, and the flow weighted mmmum 
concentrations Flow weighted averaging is intended to define the probable influent 
average and maxlmum concentrations for these constituents for the IM/IRA treatment 
system 

The IM/IRA discussion of surface water chemstry for the 903 Pad, Mound, and East 

Trenches Areas is tied to groundwater quality because the majority of the surface water 
samples collected for the investigation were taken from seeps that represent the 
surfacing of groundwater 

The IM/IRA document contains water quality data for samples obtained from several 
seeps downslope to the southeast of the 903 Pad The surface water stations described 
in the IM/IRA document which should be sampled under this treatability test program 
are SW-50, SW-51, SW-52, SW-55, SW-57, SW-58, and SW-77 In addition to these 
stations, samples for treatability testing purposes should also be taken from the followng 
stations SW-53, SW-63, and SW-64 Avadable records indicate that only station SW-64, 
located on Woman Creek, typically contam flowrng water dunng the month of October 

Station SW-50 is closest to the 903 Pad, and SW-57 and SW-52 are south of SW-50 

SW-51 and SW-58 are located in a ditch along the road east of SW-50, however, 
overland flow of seepage from SW-SO, SW-52, and SW-57 may also enter the ditch 
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Water in the ditch passes under the road south of these locations through a culvert The 

discharge of the culvert is SW-55 SW-77 is another seep located on the east side of the 

road, immediately north of SW-55 The IM/IRAP document notes that SW-51, SW-58, 

and SW-55 are physically connected and they likely receive flow from SW-50, SW-52, 

and SW-57 Farther downgradient stations include seeps at SW-53, SW-63, and SW-64 

Surface water stations associated with Upper South Walnut Creek which should be 

sampled dunng this program include SW-59 and SW-61 The flow in South Walnut 

Creek upstream of Pond B-4 is pnmmly the combined flow from the discharge of 

culverts and a spnng (SW-59) located at the base of the hill to the south and 

downstream of the culverts SW-61 is located at the confluence, providing a point for 

sampling combined flow 

2 5 2 1 Volatile Organic Contamination 

Carbon Tetrachlonde I 

The upper reaches of South Walnut Creek as charactenzed, in part, by data for stations 

SW-59 and SW-61 contam CC1, in concentrations in excess of 2000 pg/L Low 

concentrations of CCl, occur at SW-63 Data for stabons SW-59 and SW-61 indicate the 

presence of CCl, in concentrations m excess of 200 pg/L 

Tetrachloroethane 

Data stations SW-59 and SW-61 indicate the presence of PCE in concentrations in excess 

of 200 pg/L The IM/IRAP document does not cite specific incidences of PCE 

contamination for seeps in the vicinity of the 903 Pad Lip Site, but notes that PCE has 

been detected in many of the seeps in this area e 
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Tnchloroethene a 
TCE is occasionally present at SW-53, and low concentrabons of TCE occur at SW-63 

( < 0  2OpglL) and at SW-64 Data for stahons SW-59 and SW-61 indicate the presence 

of TCE in concentrabons in excess of 200 pglL 

Other Volatile Organic Co mbounds 

Data for seeps in the vicinity of the 903 Pad Lip Site and farther downgradient at SW-53, 

SW-63, and SW-64 indicate organic contaminahon Contaminants in seeps in the vicinity 

of the 903 Lip Site include l,l-DCE, 1,2-dichloroethene (1,2-DCE), CCll, TCE, and PCE 

with concentrations of CC14 and TCE exceeding lo00 pg/L 1,2-DCE is occasionally 

present at SW-53 Methylene chlonde also occasionally occurs in these seeps but at 

concentrations near the detechon limit a 
Data for stamns SW-59 and SW-61 indicate the presence of 1,1-DCE, l,l-DCA, 1,2- 

DCE, vinyl chlonde, acetone, bromo-dichloromethane and methylene chlonde in 

concentrations of less than 200 pg/L 

2 5 2 2 Inorganic Contaminahon 

The IM/IRAP document reports somewhat elevated concentrations of TCE, major ions, 

strontium, zinc, and uranium at most of these stabons 

Total Radionuclides 

Seeps in the vicinity of the 903 Lip Site, particularly SW-50 and SW-53, contamed 

detectable plutonium and/or amencium dunng one event in 1989, with two such events 

for SW-53 The samples conkuned substantial suspended solids and were not filtered 0 
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at the ume of collecbon Surface soils in the vicinity of the seeps are contaminated with 

radionuclides Further, total radiochemistry indicated notable higher plutonium and 

amencium concentrations in unfiltered samples than in filtered samples, which the 
IM/IRAP document infers to mean that most of the radionuclides are present in a 
particulate form 

Recent preliminary analyhcal results for a sampling program which involved collection 
and incremental filtrabon of samples obtaned at the 903 Pad Lip Area appear to 

support the hypothesis that plutonium and amencium are pnmanly associated with 

particles in excess of 0 45 pm in size These data indicated that the highest 

concentrahons of total radionuclides were found in water samples obbned from SW-58, 

SW-55, SW-77, and SW-53 None of these sites is expected to contam water for 

sampling purposes dunng the months of October or November In fact, avalable data 

indicate that these sites are dry dunng most of the year, flowing usually in late spnng or 
early summer 

2 6 TREATMENT GOALS 

The overall ObjecOve of the IM/IRA at OU2 is the mitigation of downgradient 
contaminant migration within surface water and the treatment of collected surface water 

to achieve acceptable levels Remedial acbons at Superfund sites must meet two 

fundamental clean-up requirements First, they must attrun a level of cleanup which, at 

a minimum, ensures protecbon of human health and the environment (CERCLA Section 

121 (d)(2), 42 U S C Secbon 9621 (d)(2)) Second, it is EPA policy that CERCLA 

cleanups atbn or exceed the requirements of all applicable or relevant and appropnate 

Federal and state health and environmental requirements (ARARs) Tables 2-1 through 

2-4 list the potenbal ARARs relevant to the IM/IRA at OU2 

e 
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The IAG, in paragraph 150, states "Intenm Remedial AchondIntenm Measures shall, 
I 

to the greatest extent prachcable, a w n  ARARs " Also for intenm actions, the NCP [40 

CFR 300 430(f)] specifically notes that an ARAR can be waved if the action is to 

become part of the final remedy that willattam ARARs 
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3 0  
PRACTICAL TREATMENT TECHNOLOGIES FOR OU2 SURFACE WATERS 

The approach used to identlfy technologies entaded segregating the numerous 

contamnants at Rocky Flats into the three categones of contarmnant types These three 

types of contamnants include radionuchdes, suspended solids, and orgarzlcs Engmeemg 

judgement and pnor experience wth practical technologes that have been used to treat 

the specific category of contamnants in full-scale facihties were the basis for the 

technology identification Also included in this rewew are those technolopes which have 

been demonstrated at the laboratory and pilot scale on simlar contamnants and show 

potential for full-scale application but where data are presently inadequate for evaluation 

purposes The effects of rmxtures of contarmnants are site specific and need to be 

evaluated These practical technolopes are hsted m Table 3-1 Additionally, this section 

contains the findings from the literature review and vendor survey 0 
3 1 IDENTIFIED TECHNOLOGIES FOR OU2 SURFACE WATER 

&dation/Reduction of Radionuclzdes - Chemcal reduction-oxldation (redox) reactions 

are standard processes for brealung certain inorgamcs such as cyamde into their 

constituents or for altering the oxtdization state of metals to faalitate additional 

treatment The oxldation state of heavy metals such as chromum or plutomum are 

typically adjusted to enhance a subsequent preapitation process Nontarget orgamcs and 

inorgamcs may also react, creating undesirable side products and increasing the oxldant 

(or reductant) requirements 

Chemical Oxidation of Organics - Chemcal oxldation is used to degrade hazardous 
orgamc materials to generally less toxlc compounds Oxtdatron systems, particularly 

those using ultrawolet (W) light, ozone, and hydrogen peroxlde, are powerful tools for e 
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TABLE 3-1 

LIST OF CANDIDATE PRAcIlcAL TECHNOLOGIES 

PRACTICALTECHN0U)GIES MIR OU2 SURFACE WATER 

Sorptmn 
Reverse Osmosrs 
Chemcal Coagulabon/mcrofiltrabon 
GAC Adsorption 

Chemcal Oxldaaon (Vv/ou>ne/peroxlde) 
Granular Activated Carbon (GAC) Adsorption 
An SmPPmg 
Steam Stnpping 
Distdlation 

Chemcal Oxidation (VV/ozone/peroxide) 
Reverse Osmosls 
Steam Stnppmg 
GAC Adsorption 

Coagulation/Precipitation/Fiitration 

PRACTICALTECHNOLOGIES MIR TREA"TRESRESIDUAL STABILIZATION 

Radlonuclldes 

Vitrification 
Washing (water, acid, chelating agents) 
Solidification/Stabilizatlon (pozzolmc-based) 
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treating a wide vanety of common orgmc enwonmental contarmnants Disadvantages 

are sirmlar to those for inorgamc redox, nontarget orgmcs and morgmcs can produce 

undesirable side products and increase oxldant requirements 

Sorptzon of Radronucldes - Sorption of morgmcs, metals, and radionuclides is a standard 

techruque for removal and concentration of these contarmnants from wastewater The 

sorption media are generally chemcally regenerated, which results in a concentrated side 

stream requiring further treatment or disposal Common and proven sorption processes 

include ion exchange and Granular Activated Carbon (GAC), while less proven 

techruques involve the use of activated alumna, bone char, and proprietary sorption 

media Ion exchange and GAC wdl be addressed separately 

Activated alumna is a porous form of alurmnum omde wth a large surface area For 

removal of aqueous contamnants, activated alumna is typically used m a column sirmlar 

to that for ion exchange It has been proven to be successful in the removal of arsemc 

and fluoride from ground water (Rubel, 1980) More recently, activated alumna has 

shown promse in absorbing plutomum from a low-level wastewater effluent at the 

Hanford Site (Barney et al, 1989) In the same study, plutomum adsorption on Bone 

Char Adsorbent was the most rapid and gave the highest decontamnation factors 

Waste stream specific laboratory testing would provlde valuable information on the 

suitability of these sorbents for low-level radionuchde removal 

0 

Ion Exchange of Radzonucldes - Ion exchange processes are used for a wde range of 

applications, including commonly recogmzed systems such as demmeralizers and water 

softeners The goal of an ion exchange system is to remove undesirable ions of a certain 

type(s) from a solution and replace them wth more acceptable ions (Clark et al, 1971) 
Radionuclides are commonly removed from waste streams at nuclear facilities using ion 

exchange a 
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Ion exchange resins, particularly amon exchange resins, have been used to recover 

uramum from mne run-off water for many years Extensive studies on the laboratory 
scale report removal of uramum from natural waters as high as 99 percent (Sorg, 1988) 

A small full-scale ion exchange system was capable of remomg uramum from drinlung 
water supplies to as low as lp/L (Jehnek, 1988) Ion exchange resins are typically 
rechargeable, however, the resins used m radioactive applications are generally only used 

once and are then disposed of as a solid waste Although pubhshed information in the 
removal of plutomum from natural waters by ion exchange has not been found, there is 
indication that iomzed plutomum is removable using this technology (Marston, 1990) 

Granular Activated Carbon (GAC) Adsorption of Otgmics and Radionucluies - GAC 
adsorption is the most wdely used and developed technology for treating groundwater 
contammated wth orgamcs It is effective for the removal of a wde range of orgamcs 
from aqueous waste streams It has been proven successful for carbon tetrachloride, 
chloroform, DDT, benzene, acetone, methylene chloride, phenol, trichloroethene, and 
xylene among others (EPA, 1985) GAC is typically regenerated wth  a thermal process 
and the regeneration process can be performed wth either off-site or onsite faalities 
There is also an indication that GAC adsorption may be an effective removal technology 
for radionuclides Although the use of activated carbon as a means of plutomum 
removal from solvents has been investigated (Mailen, 1985), no published literature 
could be found on GAC's apphcabihty to radionuclide removal from natural waters 

Simple laboratory testing would yleld the necessary data to detemne the suitability of 
this technology to wastewater radionuclides 

Reverse 0smosz.s - Reverse osmosis processes involve the use of sermpermeable 
membranes By applylng a pressure greater than the osmotic pressure, water is passed 
through the membrane while particulates, salts, and high molecular weight orgamcs are 

retained. The retained, highly concentrated solution (retentate) contains dissolved salts, 
as well as the target contamnants and requires further treatment or disposal 0 
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Centnfigutzon for Suspended Sol& - In this process, the components of a hquid/hquid 
0 

or hquid/sohd murture are separated mechmcally by apphcabon of centnfugal force 

Centnfugal forces are applied by rapidly rotatmg the mture rn a confined vessel The 

heavy phases or solids are pushed towards the run of the vessel and are removed by 

vanous methods High gravlty "pusher" type centnfuges are typically used for removal 

of suspended solids from process slurnes, usually heavy metals, whch are greater than 

150 pm 

Electrodiu2ysrs - Electrodialysis is a membrane process used for removal of iomc species 

from aqueous waste streams An electrodialysis system consists of ion exchange 

membranes wthin an electrolytic cell An electncal current is applied across cation and 

amon exchange membranes, resulting in a transport of ions through the membranes 

The resultant side stream consists of high concentrations of the removed mons and 

cations which must be treated and disposed a 
Chemical Coagulutron/Micro~ltration for Radionuclrde Removal - Chermcal coagulation 

is the process of malung dissolved chemcal constituents insoluble so that they can be 

separated from a liquid This is usually accomphshed by adding a chemical that forms 
an insoluble compound wth the target contarmnant accompamed by a separation 

(filtration) step During recent years, the USEPA and others have sponsored and 

conducted research studies to test the removal of uramum from dnnhng water (Sorg 

1988, Lee & Bondiette, 1983) These studies indicated that chemcal coagulation 

combined wth filtration could effectively remove up to 90% of the uramum present 

Other studies conducted at several Department of Energy sites have indicated reductions 

of uramum in ground water from 3460 ppb to 1-7 ppb (Hodgson, 1989) utilizing the 

same technology ' I h s  technology has also been widely demonstrated for the removal 

of uranium in mne water drainage 
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Chermcal coagulation/mcrofiltration processes are relatively simple to operate and the 

reagents and equipment are readily avdable l k s  treatment method generates a sludge 

that may require further treatment pnor to disposal 

Coagulatron/Precrpztatron/Fzl~~on for Suspended SolrcLF Removal - A wtal component 

of a process train for water treatment 1s the removal of suspended sohds to prevent 

fouling and pluggmg of downstream processes (1 e ,  ion exchange resms) Chemcal 

coagulants are added to enhance the settleablllty of solids by reducing the bamers to 

agglomeration The settled solids are removed usmg conventional filtration techmques 

Azr Stnppzng - h r  stripping is a proven technology for removal of volatile and 

sermvolatile contamnants from the water. This process mvolves the transfer of 
contarmnants from the contamnated liquid phase to the vapor phase by passing the two 

streams countercurrent through a packed tower Au emssion treatment is generally 

required Vapor phase activated carbon systems are the most commonly used process 

for this purpose, but other alternatives, such as catalytic oxldahon and fume maeration, 

exlst The vapor phase treatment umt is generally costly 

Steam Stnppzng - Steam stnpping involves injecting steam into a solution to volatihze 

orgamc compounds It can be operated as a batch or continuous process The use of 
steam makes it possible to strip compounds of lower volatility than those removed by air 
stnpping Steam stnpping is a well demonstrated technology, however, it does generate 

a concentrate that requues treatment or disposal and the process requires low cost 

steam 

Dzstzllatzon - Distillation is a process that involves separating compounds according to 

their boiling point charactenstics The pnmary use of distillation is for reclmmmg spent 

solvents from industnal processes, and it is generally applicable only to rather 

concentrated solutions The process can be used to separate various volatile compounds a 
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or to separate mwtures of orgamcs into light and heavy fractions The light fraction can 
usually be recycled or used as a boiler feed, whde the heavy fraction requlres further 
treatment 

3 2 TREATMENT TECHNOLOGIES FOR RESIDUALS 

Washing - Washing is based on the pmaple of contaminant removal from residuals by 

contacting wth a hquid solution Washmg agents mclude water, acids, solvents, 
surfactants, or chelators The washing technology can potentially be used to remove 
orgamcs, metals, and radionuclides The wash solution contaimng contamrnants w11 

require treatment and/or disposal 

SoZzdz~catzon/StabzZ~atzon - Solidification is a process in which contamnants are 
mechamcally bound to solidifications agents, reducing their mobility This produces a 
solid matrm of waste wth high structural integrity Stabilization usually involves the 
addition of a chermcal reagent to react wth the contarmnant, producing a less mobile 
or less toxlc compound Solidification and stabilization are frequently used together and 

are a well established method for reducing the mobility and toxlcity of hazardous wastes 

This process generates large volumes of soliddied matenal requinng disposal 

Vitnficatzon - The vltnfication process involves heating the waste matnx to a very high 

temperature and either combimng the matm wth molten glass or heating the matm 
until it melts Once cooled, the molten mass solidifies into a stable, noncrystalline solid 
resistant to leaching of the inorgamc, metal, and radionuclide contamnants Orgamc 

components are destroyed by pyrolysis The process can be conducted either m situ or 

off-site, however, the process is generally expensive 
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4 0  
TECHNOLOGY SCREENING AND EVALUATION 

The objective of this technology screemng and evaluation section is to assess the 
potential treatment technologes for OU2 surface water that were prevlously identlfied 
in Section 3 0 of this document 

Subsection 4 1 presents the screemng cntena used to evaluate the potential treatment 
technologies, and in Subsection 4 2 the technologes are screened aganst these cntena 
to refine the list of technologies for inclusion in this treatability study program 

4 1 SCREENING CRITERIA 

~ 0 The technologes were screened and evaluated agamt cntena whch contnbute to 
effectiveness and implementabihty The screemng cntena are outlined for each 

technology in Tables 4-1 through 4-4 and are explained below 

Effectiveness refers to a technology's ability to treat a gven volume of waste based on 
cleanup goals The implementation critenon is used m this treatability study to 

elirmnate technologies that are clearly unworkable or Impossible to implement because 

of institutional or techmcal problems Cost is not a si@cant factor in the mtial phase 
of the technology screemng and is not relevant for ths first phase of treatability studies 
This cost criterion will, however, be important for the screemng of alternatives and the 
detailed analysis of alternatives, and treatability studies may be required for cost 
estimation purposes at that time In summary, effectiveness, and implementability are 

the key factors for the treatability study selection for alternatives evaluation where data 
are inadequate 
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TABLE 4-1 

ORGANIC TREATMENT TECHNOLOGIES 
SCREENING MATRIX 

Granular 
Chemcal Acwated k r  Steam 

Technology Oudauon Carbon S W P W  StnPPW Distillation 

Screening Cntena 

Effectiveness 

Yes Yes Yes Significant reduction m 
parameter of concern 

Yes, demonrvlted 
technology m tFutmg 
panmeten of 
concern 

some lowpolenucll if 
not complete mcuon 

Yes 

Yea, non-rlectlve wdl 

with vanoua 
efficiencies for each 

mt COOtrUUMIlU 

No No No No 

Yes 

Formation of new toxlc 
reaction compounds 

Potenlid to aChlcVe 
effluent limitations 

Yes Yea, LI1 CO~JUllCIlOn Yes, ProdUCel 
with vapor p h w  condensation 
GAC or other 
admrbent 

Yes, widely proven Yes 
at there 
concentnuon 
ranges 

Proven or expected Yes, widely proven at 
thew concentnuon 
rrlIgCS 

Yes, wdely proven at 
cher coacenlmuon 
nngea 

Yes 
fonnance at- 

entration nnge 

Flexibility to vanations in 
feed water contaminant 
concentrations 

Yes. wlll tolcnte 
small ~ ~ U C ~ I U ~ O I U  in 
contamtlynt 
concentnuon levels 

Yea Yes Yes Yes 

Implementabili ty 

Readily available 
equipment at rale  

Yes Yea Yea Yes No, highly 
apecullzed 
equipment 

M i m d  Mimmrl Signrficant utility significant utility 
requirements, rmlltmrl requirements, 
pemMel  mnimal 

pcnonnel 

*Treatment residual 
management 

signtficant 
adsorbent dispoul 
or rrcovery 

Sigmfiant adsorbent Significant 
concentrated 
contaminant 
disposal 

Yes Amenable to laboratory Yes, but ~pecullzed Yea, lab rale 
r a l e  testing equipment not readily equipment mdily 

available at lab wale available 

No, proven 
technology, no 
advantage m lab 
testing 

No, recommended 
for potential future 
pitot lcale telting 

Yes 

No No Include in thir phax of No, recommended for Yea, wide vanety of 
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TABLE 4-2 

RADIONUCLIDE TREATMENT TECHNOLOGIES 
SCREENING MATRIX 
Gmnular Revene Electro - Corplallonl 

Technology Sorptloa Activated Osmosis Dulysis Micro - Ion 
Carbon FiItraaon Exchsnge 

SCreerUng 
Crrterna 

Effecbveness 

Ye1 Yes Yes, on Yes, on 
certain rad cemin n d  
compounds compounds 

No No 

Significant 
reduction in 
parameten of concern 

Fonnatlon of new 
toxlc mction 
compounds 

Potentisl to achieve 
emuent llrmtrtions 

Yes, on 
cemin rad 
compound1 

No 

Yes, on 
cemin rad 
compounds 

Studies 
indicate 
favorable 
rerultr 

Yes 

Yes 

MIN~MI 

Yes, on 
ceratin rad 
compounds 

No 

Yes, on 
certain md 
compound1 

Studies 
lndicate 
favorable 
?CSUllS 

Ye8 

No No 

Yes Y ~ I ,  on Yes, on 
certain n d  certain rad 
compounds compounds 

Studies Studies 
indicate indicste 
favorable favorable 
rrSUltS resulls 

Yes Yes 

Yes 

Proven or expected 
performance at 
concentration range 

Studies 
indicate 
favorable 
ItSllltS 

Yes 

Studies 
mdicate 
favomble 
rrSUltr 

Ye1 .Flexlbdity to 
vanationa in feed 
water contanumnt 
concentnlion 

Implementability 

Readily available 
equipment at scale 

Yea No, 
apecullzed 
quipmenl 

No. 
specialized 
q u l p m r n  

significant 
utlllty and 
penonnel 
requirements 

Yes 

SlgNfSat 

Pel’SOMCl 
utility and 

requirements 

Significant 
filtrate 
disposal 

. utility I Penonnel 
requirementr 

Mirumal 

sipruficanl 
wncentnte 
spent medu 
disposal 

No, 
rpeciallzcd 
equipment 
not mdily  
available at 
lab 

No 

Treatment residual 
management 

slgrUfiC8llt SiglUfiC8lU SlgNfiCant 
spent sorbent spent sorbent concentrate & 
disporrl or disposal or vent media 
recovery recovery disponl 

Yes Yea Yes, but 
specullzcd 
equipment 
not mdily 
available at 
lab 

Significant 
spent resin 
disposal or 
recovery 

Yes 

& 

Yes 

Include in this 
phase of treatability 
study program 

Yes Yes No Yes Yes 
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TABLE 4-3 

TOTAL SUSPENDED S O D S  TREATMENT TECHNOLOGIES 
SCREENING MATRIX 

Coagulabon/ 
Preapitahon/ Filtrabon 

Technology Centdugahon 

Screening Criteria 
Effectiveness 

e Si&icant redudton m Yes, lunited applrcabons rn Yes, vndely used 
parameter of concern suspended solrd removal technology for 

suspended sokd 
removal 

e Formation of new tom readton No 
compounds 

No 

e Potential to acheve effluent Yes, very partde s u e  speafic Yes 

e Proven or expected Yes, but h t e d  data avdable Yes 

hitahons 

performance at concentratron 
range 

e Flelabhty to vanahom L L ~  feed Yes 
water contammant 
concentr ahons 

Implementability 

Yes 

e Readdy avadable equipment at No, s p e a h d  eqmpment Yes 
scale 

e Uthty/Personnel requlrements Si&cant Mlnunal 

e Treatment residual 
management 

Moderate Si&icant filtrate 
dlsposal 

e Amenable to laboratory scale No, laboratory-scale Yes 
testmg equipment not readdy 

avadable 

e Include m h phase of No 
treatability study program 

Yes 
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TABLE 4 4  

RESIDUAL TREATMENT TECHNOLOGIES 
SCREENING MATRIX 

&h&ficahod 
Technology Vitn fication Stabhzaaon washlng 

Screening criteria 

Effectiveness 
Sipficant reduction 

m parameter of concern 

Formation of new 
toxic reaction 
compunds 

Potentla1 to acheve 
treatment objectives 

Proven or expected 
performance at 
concentration range 

0 Flexibility to 
vanations m 
contarmnant 
concentrations 

Implementability 
Readily available 

equipment at scale 

requirements 

Treatment residual 
mangement 

Utility / persoMel 

0 Amenable to 
laboratory-scale testmg 

0 Include m treatabilty 
testing program 

Yes 

Possible 

YeS 

Yes 

Significant uthty and 
moderate personnel 

Vitnfied residual wd1 
require disposal 

No, lab scale equipment 
not readily available 

No 

YeS 

No 

YeS 

YeS 

No 

Yes, data limted on rad 
compounds 

Yes, may require 
proms modifications 

YeS No 

Moderate Moderate 

Increase m residual 

disposal disposal 

Yes 

Additional liquid waste 
volume requ1nag stream requlmg 

YeS No 
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Technologes selected for this treatabllity study to support the imtial phase of the OU2 
a 

are developed or potentially applicable technologes that have not been sufficiently 

tested on the site-specific compounds or rmxfures to provlde the information needed for 

the evaluation Site-specdic conditions for whch there are insufficient information are 

typically related to radioactive and m e d  contamnation in the surface water Certain 

processes also require testing because of dependency on other enwonmental conditions 

The treatability tests wll provlde mformation on the effectiveness of a technology as it 

relates to the OU2 surface water contamnation problem They wll also indicate the 

relative efficiency of each treatment technology, if additional technologes must be added 

to the treatment train, or if the technology should be elimnated altogether 

Implementation problems, such as sidestream generation, wll also be studied and 

evaluated This treatability study wll support the decision to carry forward a technology 

or elirmnate it from consideration in the latter stages of this study 

0 4 2 EVALUATION OF PRACTICAL TECHNOLOGIES 

The criteria in Section 4 1 were applied to the list of practical technologies presented in 

Table 3-1 The followng sections present the rationale for the selection or elirmnation 

of the practical technologies for OU2 

4 2 1 Water Technologies for OU2 Su rface Water 

Oxldation/reduction is a standard and proven technology for most target orgamcs at 

Rocky Flats, wth the exception of the chlonnated volatlles orgamc compounds (VOCs) 

However, since the oxldation states of the radionuclides are generally unknown, the 

probability of success using an oxldation/reduction process is uncertain This technology 

could be tested at later phases of this study to determme its suitability in adjusting the 

oxidation state of radionuclides to enhance a subsequent precipitation process 
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Although sorption processes are established technologes for the treatment of orgamcs 
and iorgmcs,  their use for radionuchde removal has not been utillzed in a full scale 
system Sorbents such as activated alurmna and bone char have, however, been 
demonstrated at laboratory- and pdot-scale and warrant further mvestlgation for OU2 

surface water 

GAC adsorption is a technology for which substantlal mformation exlsts for numerous 
indimdual orgamc compounds Data for some types of mtures,  such as mtures  of 
chlonnated VOC, however, do not emst The suitability of GAC for orgmc and for 
radionuclide removal from a rmxed waste wdl requue laboratory testing as part of this 
treatability program 

I 

Membrane processes such as reverse osmosis and electrodialysis are proven technologies 

for certain contamnants found at the site, and the alternative evaluation can proceed 
based on exlsting site specific information None of these processes were selected for 
inclusion in this treatability study program since they can be evaluated wthout further 

testing 

0 

A "pusher" high-grawty centnfuge was investigated for the removal of suspended solids 
from the contammated seepwater This type of centnfuge is typically used for removal 

of solids greater than 150 pm from process slurnes According to a vendor contact, a 

centrifuge is not suitable for this application where the suspended solids are in low 

concentrations and are considerably less than 150 pm in slze For these reasons, 
centrifugation was elimnated from further consideraoon as a candidate for laboratory 
testing 

Chemcal precipitation/filtration is a well documented technology that works for 
radionuclides and suspended solids Suffiaent mformation exlsts to evaluate this 
technology as a remedial alternative, but treatabihty studies wll be needed in the 0 
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technology screemng phase to enable selection of the appropnate type of precipitation 

and filtration for the specific compounds of concern. 

Au stnpping is known to remove volatile orgamcs, and steam stnpping removes 

somewhat less volatile compounds Then effiaenaes can be estimated based on exlsting 

data, and no treatability study is needed pnor to the design phase Distillation is also 

a technology for which exlsting information 1s suffiaent for evaluating it as a remedial 

alternative 

4 2 2  Pes idual Treatme nt Technolomes 

I Residual washing (1 e ,  spent ion exchange resin) is a function of the physical, chermcal 

and mneralogical characteristics of the residual and the chemcal properties of the 

contamnant Washing of contarmnants of sorption media has been proven to work (1 e , 
acid washing of ion exchange resin) and suffiaent information exlsts to evaluate this 

residual treatment technology as part of a remedial alternative 

a 

Smce sohdification/stabilization effectiveness is a function of the residual and 

contarmnant charactenstics and concentrations, and its applicability is strongly dependent 

on the waste-specific composition, a treatability study wll be necessary 

Vitrification has been applied to and proved for different radioactive and m e d  wastes, 

pnmanly for treatment of contammated sod Its appllcabdity for treatment of waste 

residuals, specifically ion exchange resins and GAC, is limted Vitnfication wlll no 
longer be considered as a technology option for residual treatment 
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5 0  
TEST PROGRAM SCHEDULE 

Figure 5-1 provides a schedule of the bench-scale treatability studies This schedule 

begins wth the receipt of comments from EG&G on the draft Test Program Schedule 

(TPS) and ends wth the delivery of the final report. The duraQon of the program is 
greatly impacted by the turnaround time for the radionuchdes analyses, which is 66 days 

Data analysis and report preparation cannot begm until most of thls laboratory data is 

available 

5- 1 
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APPENDIX A 
TREATABILITY STUDY WORK PLANS 

Included 111 this Appendx are the treatabhty study work plans for the vanous 
technolopes to be evaluated. These treatabhty testmg programs lnvolvmg laboratory 
screemng yeld technology validation data rn whch a "yes" or a "no" answer is obtained 
on whether or not the technology should be considered further ' h s  program is not 
intended to prowde scale-up information or cost estimates for full scale implementation 
The focus of these investigations is the detemnation of the removal efficiencies and/or 

the effectiveness of the technology m treating the contarmnant type of concern 

It is anticipated that d u n g  the field sampling actiwties, vanabhty in contarmnant 

concentrations may be encountered due to variations in seep flow and time between 
sampling events However, this wll not sigmficantly mpact the results of this testing 
program since its pnmary goal is to determne If the selected technolopes are generally 
effective Direct cornparsons of one technology wth another would requlre optinuzation 
of design, establishment of design cnteria, estabhshment of treatment goals, and capital 
and operating cost estimates A treatabdity study program designed to faalitate this 
level of comparison would require that the technologes process identical wastewaters 

The treatability study work plans (TSWP) for OU2 seep water treatment are as follows 

A1 TSWP Granular Actwated Carbon - Orgames and Radionuclides 
A 2 TSWP Ion Exchange - Radionuclides 

A 3  TSWP Adsorbents - Radionuclides 
A 4  TSWP Chemcal Coagulation/Microfration - Radionuchdes 
A 5 TSWP Coagulation/Precipitation/Filtration - Suspended Solids 
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A 1  
TREATABILITY STUDY WORK PLAN 

GRANULAR ACTIVATED CARBON (GAC) - 
ORGANICS AND RADIONUCLIDES 

A. OBJECTIVES 

Treatability screemng tests wll be performed to evaluate the removal efficiencies of 

various types of GAC for the treatment of orgmc contmnants and radionuclides in the 

surface water at the Rocky Flats Plant (RFP) The orgamcs of interest include vlnyl 

chloride, methylene chlonde, 1, 1-dichloroethene, 1, 1-dichloroethane, 1,Zdichloroethene 

(total), carbon tetrachlonde, trichloroethene, and tetrachloroethane The radionuclides 

of interest include uramum, plutomum, americium, and gross alpha and beta activlty 

B APPROACH e 
These treatability screemng tests wll be performed on the laboratory "bench-top'' 

utilizing small glass columns contamng the vanous types of GAC to be tested An 
imtial test run wll be performed on each type of GAC Chemcal analysis of the column 

effluent by use of gas chromatograph wll serve as a general mdicator of the overall 

performance of the GAC for orgamc removal Gross alpha and beta actinty of the 

column effluent wll serve as a general indicator of radionuclide removal Based on the 

results of this mtial screemng, a second senes of tests WIU be performed utilizing the 

two types of GAC wth highest removal efficiencies of orgamcs and radionuclides 

During this secondary testing phase, the removal efficiency of each type of GAC wll be 

evaluated based on the analyses of the specific chlorinated orgamcs and radionuclides 

of interest Final testing of these two carbons wll also be conducted to determne 

chlorinated orgamc compound specific capacities for each type of GAC 
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C TEST EQUIPMENT AND SET UP 

Figure A 1-1 shows the basic equipment setup for a typical laboratory scale GAC test 
apparatus Table k l - 1  shows requlred GAC test equipment Wastewater wll be fed 
from the waste feed tank to the GAC column by the action of a penstaltic pump All 
flows through the columns w11 be downflow The separate systems, operating in parallel, 
wll be fed simultaneously from the common waste feed tank to ensure influent 

consistency Prefiltenng of the feed may be necessary to remove any sediments which 
could plug in the GAC column The effluent wll be collected in a waste tank Three- 
way valves located before and after the glass column w11 allow for sampling to 
determne system performance 

I 

I D TESTRUNS 

Initial ScreeninP Tests ' e  
Imtial screemng tests wll be made on a total of five types of GAC The five types of 
carbon are 

1 Calgon Filtersorb 300 

2 Calgon Filtersorb 400 
3 Norit 4000 
4 Yaluma - CYP 
5 Yaluma - C-C 

Due to the low levels of chlorinated orgamcs and radionuclides present in the OU2 

surface waters and the small volumes to be processed, it is not anticipated that the 
GACs wll become exhausted The GAC performance wll be evaluated based on 
percent peak reduction by GC analysis for orgamcs, and total alpha and beta actimty 0 

1 22588lR1 A1 10-12 90/22588 A 1-2 



FIGURE A.l-1 
I. GRANULAR ACTIVATED CARBON TEST APPARATUS 
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TABLE kl-1 
GAC TEST COMPONENTS 

1 each - 

1 each - 

10 each - 

5 each - 

5 each - 

5 each - 
50 ft - 

Feed Tank 
Five (5) gallon capacity 
Pyrex or stamless steel 

Shut off valve 
Whitey or equal 
% inch - stainless steel 

3-way valve Whitey or equal % inch 
stainless steel 

Peristaltic Pump 
Master Flex or equal 

GAC Columns, 1 inch diameter by 

2 ft high glass construction 
complete wth end stoppers, 
hose fittings, and support 
material for the GAC 

10 liter Pyrex or equivalent waste jars 

% in I D  teflon tubing or equal 
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radionuclides During testing, it may be necessary to prefilter the waste in order to 
allevlate turbidity in the surface water pnor to mtroduction in the GAC columns The 
prefiltering requirements wll be detemned pnor to the start of the column tests 

The first set of tests wll utilize five GAC columns operating simultaneously The 
surface water wll be run through the columns Influent and effluent samples w11 be 
taken to deterrmne prelimnary efficiencies on each carbon for chlonnated orgamc and 
radionuclide removal 

If sufficient removal efficiency data are not generated dunng these imtial test runs, 
certain parameters may be changed (1 e ,  GAC volume, flow rate) and the tests may be 
repeated to accurately determme removal efficiencies 

Secondary Testing 

Based on the results of the imtial screemng tests, the two carbons wth the best removal 
efficiencies wll be retested dunng the secondary testing phase The testing in this phase 
will be sirmlar to the imtial screemng tests except that compound specific analyses w11 

be conducted to determme chlonnated orgmc and radionuclide compound specific 
removal efficiencies for each carbon In addition, the secondary testmg wll mcorporate 

the water quality parameters, as well as a full metals analysis to fully characterize the 
effluent streams With a comparison of the full analysis for the weekly composited field 

samples as discussed in the Sampling and Analysis Plan (SAP) (Append= B) and the 
above analysis, any inhibiting influences caused by other containments can be 
de termned 
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Final Testing 

Based on the results of the secondary testing, the two carbons analyzed w11 be retested 

in order to deterrmne chlomated orgmc compound specfic capacity for each This 
testing wll be conducted in the same testmg apparatus as all the other tests The data 
generated dunng the mtial and secondary tests wll be evaluated to deterrmne 
approxmate breakthrough times for each carbon The final testing wll be run with 
compound specific analyses to deterrmne compound spedic capacities and breakthrough 
times for each carbon The sampling frequencies wll be based on the results of the on- 
going gas chromatographc analyses dunng this phase of testing 

E TEST PROCEDURES 

Execution of the imtial screemng, secondary testing and the capacity evaluation wll be 
accomplished by the followng procedures 

1 Set up laboratory apparatus as shown in Figure A 1-1 

2 Fill column one-third full wth  deiomzed water 

3 Load the GAC into each column until column is approximately one-half 

full Add 

distilled water to saturate the carbon bed Let the column stand static for 

24 hours 

Record weight and volume of carbon added to column 

4 Attach a deiomzed water line to the bottom of the column by use of the 
three way valve Backwash each column to a 10 to 25 percent bed 
expansion for 10 mnutes with distilled water to deaerate the carbon bed 
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Tap each column dunng the backwash and wsually observe that all ax 
pockets are evacuated from the column 

5 Flow rate through each column for the imtial screemng shall be 10 d /mn 
and 30 d / m n  for the secondary testlng and capaaty evaluations 

6 Run wastewater through columns for approxlmately 4 hours or 15 bed 
volumes for the imtial screemng runs, and two hours or 23 bed volumes 
for the secondary testing For the capacity evaluation run wastewater 
through columns as long as necessary 

7 Collect samples for analysis in accordance wth the sampling and analysis 
plan (SAP) (Appendw: B) 

The sample volumes shall be as follows 

Gas chromatography testing 10 mls 

Gross alpha and beta testing 
Complete testing of orgamcs of interest 80 mls 

100 mls 

4 liters Complete testing of radionuclides of interest 

8 After completion of each test run, thoroughly clean all equipment wth 
non-phosphate detergent, then nnse all equipment wth 01 N hydrochlonc 
acid, followed by a thorough rinse wth ASTM grade deiomzed water 
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F SAMPLING AND ANALYTICAL REQUIREMENTS 

The GAC testing program wll require sampling and analysis for orgamcs and 
radionuclides This orgaruc and radionuchde analysis wdl include the andytes hsted on 
Table A 1-2 and Table A.1-3 In addition, a water quality parameter analysis and a full 
metals screen w11 be conducted dumg the secondary testing All sampling and 
analytical actimties wll be conducted 111 accordance wth the SAP contamed 111 Appendlx 
B of this document 

G DATA COLLECTION AND ANALYSIS 

Irutial screerung tests Compare the untreated wastewater wth the treated samples 

Calculate percentage reduction as follows 

htd Peak Area - % REDUCTION= 

Calculate radionuclide percentage reduction as follows 

htlal Grm Alpha and Beta Acttvlty-Fi Gros Alpha and Beta Actlvlty 
htlal Gross Alpha and Bet8 Actlvlty 

% REDUCI"ION= 

The two GAC types with the greatest percentage reducuon wll be selected for 
the secondary testing 

Secondary testing Percentage reduction for all analytes w11 be calculated as above 

Imtial and final concentrations of indivldual analytes w11 also be reported 

225881R1 A1 10-12 90122500 A.1-8 

- 



TABLE k1-2 

GAC TESTS 
ANALYTE LIST (ORGANICS) 

Vinyl Chlonde 

Methylene Chlonde 

1,l-Dichloroethene 

1,l-Dichloroethane 

1,2-Dichloroethene (total) 

Carbon Tetrachloride 

Trichloroethene 

Tetrachloroethane 

A 1-9 
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TABLE k l - 3  

GAC TESTS 
ANALYTE LIST (RADIONUCLIDES) 

Gross Alpha 

Gross Beta 

Urmurn 233 and 234,235 and 238 
Plutomum 239 and 240 

Americium 

A 1-10 
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Final testing 

follows 
The compound specific capacity for each GAC wll be calculated as 

Capacity, mg/g = J ~ P  adso rbed 
g carbon 

H RESIDUAL MANAGEMENT 

Rinsates 100 hters 

Treated Wastewater 200 liters 

Contarmnated GAC 5 liters 

All treatability testing residuals wll be packaged accordingly and returned to the RFP 

I REPORTING 

A report wll be prepared discussing the results of the testing Tables wll be prepared 

for each sample matrlx tested listing the orgamc and radionuclide removal efficiencies 

for the various GACs 

A general assessment oE the suitabihty of GAC for OU2 chlonnated orgamc and 

radionuclide removal wll also be included 
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A 2  
TREATABILITY STUDY WORK PLAN 
ION EXCHANGE - RADIONUCLIDES 

A OBJECTIVES 

Treatability screemng tests w11 be performed to evaluate the removal efficiencies of 
various ion exchange resins for the treatment of radionuclide contamnants in the OU2 
surface water at the Rocky Flats Plant The radionuclides of interest include uramum, 
plutomum, americium, and gross alpha and beta activlty 

B APPROACH 

These treatability screemng tests w11 be performed on the laboratory "bench-top," 
utilizing small glass columns contaimng the various ion exchange resins to be tested An 
initial test run wll be performed on each ion exchange resin Gross alpha and beta 

activlty of the column effluent w11 serve as a general indicator of the overall 
performance of the resin Based on the results of this imtial screemng, a second series 
of tests will be performed utilizing the three resins wth highest removal efficiencies 

During this secondary testing phase, the removal efficiency of each resin will be 

evaluated based on the analyses of the specific radionuclides of interest 

C TEST EQUIPMENT AND SET UP 

Figure A 2-1 shows the basic equipment setup for a typical laboratory-scale ion exchange 
test apparatus Table A.2-1 shows the required ion exchange test equipment 
Wastewater wll be fed from the waste feed tank to the ion exchange column by the 
action of a peristaltic pump The separate systems, operating in parallel, wll be fed 
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TABLE A.2-1 

ION EXCHANGE TEST COMPONENTS 

1 each - 

1 each - 

6 each - 

3 each - 

3 each - 

3 each - 

30ft  - 

Feed Tank 
Five (5) gallon capacity 

Pyrex or stainless steel 

Shutoff valve 

Whitey or equal 

% inch - stainless steel 

3-way valve Whitey or equal % inch 

stainless steel 

Peristaltic Pump 

Master Flex or equal 

Ion Exchange Columns 1-inch diameter 

by 2 feet high glass construction 

complete wth end stoppers, hose 

fittings, and support material for the 

absorbent 

Graduated Beakers 

Ten (10) liters each 

Pyrex 

% inch ID teflon tubing or equal 

A 2-3 
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simultaneously from the common waste feed tank to ensure influent consistency 

Prefiltering of the feed may be necessary to remove any sediments which could plug or 

cause channeling in the ion exchange column The effluent wll be collected in a waste 

tank Three-way valves located before and after the glass column w11 allow for sampling 

to determne system performance 

D TESTRUNS 

Initial screemng tests wll be made on a total of mne ion exchange resins 

resins are 

The mne 

Dowex 21K - 
Dowex SBR-P 
Dowex 50 
ROHM & HAAS (R&H) IRA - 400 - 
R&H IRC- 718 
R&H DP- 1 

R&H IRA- 430 

Ionac A-641 

Purolite NRW-7 

Strong Base Amon 
Strong Base h o n  
Catiomc Resin 

Strong Base h o n  
Strong Base h o n  
Weak Acid Cation 

Weak Acid Cation 

Strong Base h o n  

Mxed Bed 

All aruomc resins w11l be in the chloride form Catiomc resins w11 be in the hydrogen 

form 

Due m 3 the low levels of radionuclides present in the OU2 surface waters and the 11 

volumes to be processed, it is not anticipated that the ion exchange wll become 

exhausted The resin performance wll be evaluated based on percentage reduction in 
gross alpha and beta activity During testing it may be necessary to prefilter the waste 

in order to alleviate turbidity in the surface water prior to introduction in the ion e 
22S88IR1 A2 1@12 90l22588 A 2-4 
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exchange columns The prefiltering requirements wll be assessed pnor to the start of 
~ 

I the irutial screerung tests 

The first two sets of tests w11 utillze the mne ion exchange columns operating 
simultaneously The surface water unll be run through the columns at an unadjusted pH 

Influent and effluent samples w11 be taken to detenrune prelimnary efficiencies on each 
resin 

A second set of tests wll then be conducted on the mne resins These tests w11 be run 
at an adjusted pH (9-10) to detemne the effect of pH on removal efficiencies 

If sufficient removal efficiency data are not generated during these imtial test runs 
certain parameters may be changed (e g , resin volume, flow rate) and the tests may be 

repeated to accurately determme the removal efficiencies 

Secondary Testing 

Based on the results of the irutial screemng tests, the three resins wth the best removal 
efficiencies wll be retested during the secondary testing phase The testing in this phase 
wll be similar to the imtial screemng tests except that total analyses wll be conducted 
to determine radionuclide compound specific removal efficiencies for each resin In 
addition, the secondary testing wll incorporate the water quality parameters, as well as 

a full metals analysis to fully charactenze the effluent streams With a companson of 

the full analysis for the weekly composited field samples as discussed in the SAP 
(Append= A) and the above analysis, any inhibiting influences caused by other 
contarmnants can be determned 
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E TEST PROCEDURES 

Execution of both of the imtial screemng and secondary testing w11 be accomplished by 
the followng procedures 

1 

2 

3 

Set up laboratory apparatus as shown in Figure A2-1 
Fill column one-third full wth deiomzed water 

In a separate vessel, add sufficient amount of deiomzed water and ion 
exchange resin to form a slurry 
Transfer slurry to column until column is approximately one-half full At 

no time during the test should the liquid level fall below the Ion Exchange 
Resin level 

Attach a Deiomzed Water line to the bottom of the column by use of the 
three-way valve Upflow deiomzed water into the base of the column, 
gradually increase flow until the bed of resin expands to near the top of 

the column Maintain this flow until the air pockets are removed and all 
the resin has achieved mobility Stop flow of water and permt resin to 

settle by gravlty Adjust the liquid level to 1 to 2 cm above resin bed 
Flow rate through each column for the imtial screemng shall be 10 ml/mn 
and 30 mlJrmn for the secondary testing These flow rates may be 

adjusted during the test runs based on prelimnary findings 

Run wastewater through columns for approxlmately 4 hours or 15 bed 
volumes for the imtial screemng and 2 hours or 23 bed volumes for the 

secondary testing 
Collect samples for analysis in accordance wth the LAP (Append= B) 

4 

5 

6 

7 

8 
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The sample volumes shall be as follows 

Gross alpha and beta testing 100 ml 

4 liters Complete testing of radionuclides of merest 

9 After completion of each test run, thoroughly clean all equipment wth 

non-phosphate detergent, then m e  consecutively wth 01 N hydrochlonc 

acid and ASTM grade deiomzed water 

F SAMPLING AND ANALYTICAL REQUIREMENTS 

The ion exchange testing program w11 require sampling and analysis for radionuclides 

These radionuclides wll include gross alpha and beta activity, uramum, plutomum and 

americium listed on Table A 2-2 In addition, a water quality parameter analysis and full 

metals screen wll be conducted during the secondary testing All sampling and 

analytical actimties w11 be conducted in accordance wth the S A P  contained in Appendlx 

B of this document 

a 

G DATA COLLECTION AND ANALYSIS 

Imtial screemng tests 

wastewater wth the treated samples Calculate percentage reduction as follows 

Compare gross alpha and beta actimty of the untreated 

htd ActlVlt>l - % Reducbon = ( ht~a l  ActlMty 

The three ion exchange resins wth the greatest percentage reduction w11 be selected for 

the secondary testing 
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TABLE A.2-2 

ION EXCHANGE TESTS 
ANALYTE LIST 

Gross Alpha 

Gross Beta 

Uramum 233 and 234,235 and 238 

Plutomum 239 and 240 

Americium 241 

A 2-8 
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Secondary testing Percentage reduction for all analytes w11 be calculated as above 
Irutial and final concentrations of mdivldual analytes wll also be reported 

H RESIDUAL MANAGEMENT 

Rinsates 100 hters 
Treated Wastewater 100 liters 
Contarmnated Resin 3 liters 

The contarmnated resin w11 be utillzed in the stabihzation/sohdification laboratory 
testing described in a separate treatability study work plan (TSWP) 

I REPORTING a 
A report wll be prepared discussing the results of the testing Along wth the efficiency 
calculations for each column test, a general assessment on which ion exchange resin@) 

proved effective w11 also be presented 
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A3 
TREATABILITY STUDY WORK PLAN 

ADSORBENTS (ACTIVATED ALUMINA, BONE CHAR & FILOX) 
- RADIONUCLIDES 

A OBJECTIVES 

Treatability screemng tests wll be performed to evaluate the removal efficiencies of 
various types of adsorbent (Activated Alumna, Bone Char & Filox) for the treatment 

of radionuclide contamnants in the OU2 surface water at the Rocky Flats Plant The 
radionuclides of interest include uramum, plutomum, americium, and gross alpha and 
beta activlty 

B APPROACH a 
These treatability screemng tests w11 be performed on the laboratory *'bench-top" 

utilizing small glass columns contaimng the various types of adsorbent to be tested An 

initial test run wll be performed on each type of adsorbent Gross alpha and beta 
activity of the column effluent wll serve as a general mdicator of the overall 
performance of the adsorbents Based on the results of this imtial screemng, a second 

series of tests wll be performed utihzing the same adsorbents During this secondary 
testing phase, the removal efficiency of each adsorbent w11 be evaluated based on the 
analyses of the specific radionuclides of interest 

C TEST EQUIPMENT AND SET UP 

Figure A 3-1 shows the basic equipment setup for a typical laboratory-scale adsorbent 
test apparatus Table A 3-1 shows the required adsorbent test equipment Wastewater 
will be fed from the waste feed tank to the adsorbent column by the action of a e 
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ADSORBENT* TEST APPARATUS 
FOR RADIONUCLIDE REMOVAL 

PERISTALITIC 
METERING 

PUMP 

PRE FI LTE R 
(IF NECESSARY) m 

ADSORBENT 
COLUMN 

r& VALVE 3 WAY 

WASTE 1 TANK 1' - 

* 4GSORBENT IhCLUDES PCT'JATED ALUMINA, 
BONE CHAR eC FfLGX 



TABLE A.3-1 

ADSORBENT TEST COMPONENTS 

1 each - 

1 each - 

6 each - 

3 each - 

3 each - 

3 each - 

30ft  - 

~~ 

Feed Tank 
Five (5) gallon capacity 

Pyrex or stainless steel 

Shutoff valve 

Whitey or equal 

% inch - stainless steel 

3-way valve Whitey or equal 94 inch 

stainless steel 

Peristaltic Pump 

Master Flex or equal 

Adsorbents Columns 1 in diameter by 

2 ft high glass construction 

complete wth end stoppers, 

hose fittings, and support 

matenal for the adsorbent 

Graduated Beakers 

Ten (10) liters each 

Pyrex 

'/4 in ID teflon tubing or equal 

A 3-3 
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peristaltic pump The separate systems, operating in parallel, wll be fed simultaneously e 
from the common waste feed tank to ensure influent consistency Prefiltering of the feed 
may be necessary to remove any sediments which could plug or cause channeling in the 

adsorbent column The effluent wll be collected rn a waste tank Three-way valves 
located before and after the glass column vvlll allow for sampling to deterrmne system 
performance 

D TESTRUNS 

Initial screemng tests w111 be made on three different types of ad 
adsorbents are 

1 Activated Alumna 
2 Bone Char 
3 Filox 

orb n 5 The three 

Due to the low levels of radionuclides present in the OU2 surface waters and the small 

volumes to be processed, it is not anticipated that the adsorbents w111 become exhausted 
The adsorbent’s performance w11 be evaluated based on percentage reduction in gross 

alpha and beta activity During testing, it may be necessary to prefilter the waste in 
order to allevlate turbidity in the surface water pnor to introduction in the adsorbent 

columns The prefiltering requirements wll be assessed pnor to the start of the imtial 
screemng tests 

If sufficient removal efficiency data are not generated dunng these imtial test rum, 

certain parameters may be changed (I e , adsorbent volume, flow rate), and the tests may 
be repeated as necessary to accurately deterrmne removal efficiencies 
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Secondary Testing 

Based on the results of th imtial zreemng tests, two adsorbents wll be retested dunng 
the secondary testing phase The testing in this phase wll be simlar to the imtial 
screemng tests except that total analyses wll be conducted to deterrmne radionuclide 

compound specific removal efficiencies for each adsorbent In addition, the secondary 
testing w11 incorporate the water quality parameters, as well as a full metals analysis to 

fully characterize the effluent streams With a comparison of the full analysis for the 
weekly composited field samples as discussed in the SAP (Append= B) and the above 

analysis, any inhibiting influences caused by other contamnants can be determined 

E TEST PROCEDURES 

Execution of both of the imtial screemng and secondary testing wll be accomplished by 
the following procedures 

Set up laboratory apparatus as shown in Figure A 3-1 

Fill column one-third full wth deiomzed water 

In a separate vessel, add sufficient amount of deiomzed water and 

adsorbent to form a slurry 

Transfer slurry to column until column is approxlmately one-half full At 

no time during the test should the liquid level fall below the adsorbent 
level 

Attach a deiomzed water line to the bottom of the column by use of the 
three-way valve Upflow deiomzed water into the base of the column, 

gradually increase flow until the bed of adsorbent expands to near the top 
bed of the column Maintam this flow until the air pockets are removed 
and all the adsorbent has achieved mobility Stop flow of water and 
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perrmt resin to settle by grawty Adjust the liquid level to 1 to 2 cm above 

adsorbent bed 
Flow rate through each column for the imtial screemng shall be 10 

ml/rmn, and 30 ml/mn for the secondary testing 
Run wastewater through columns for approxlmately 4 hours or 15 bed 

volumes for the imtial screemg, and 2 hours or 23 bed volumes for the 
secondary testing 

Collect samples for analysis in accordance wth the S A P  (Appendlx B) 

6 

7 

8 

The sample volumes shall be as follows 

Gross alpha and beta testing 100 ml 

Complete testing of radionuclides of interest 4 liters 

9 After completion of each test run, thoroughly clean all equipment wth 
non-phosphate detergent, then nnse consecutively wth 01 N hydrochlonc 
acid and ASTM grade deiomzed water 

F SAMPLING AND ANALYTICAL REQUIREMENTS 

The adsorbent testing program wll require sampling and analysis for radionuclides 
These radionuclides wll include gross alpha and beta actiwty, urmum, plutomum, and 

americium listed on Table A 3-2 In addition, a water quality parameter analysis and a 
full metals screen w11 be conducted during the secondary testing All sampling and 
analytical actinties w11 be conducted in accordance wth the SAP contained in Appendlx 

B of this document 
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TABLE A.3-2 

ADSORBENT TESTS 
ANALYTE LIST 

Gross Alpha 

Gross Beta 

Uramum 233 and 234,235 and 238 
Plutomum 239 and 240 

Americium 
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G DATA COLLECTION AND ANALYSIS 

Irutial screerung tests 

wastewater wth the treated samples Calculate percent reduction as follows 

Compare gross alpha and beta actimty of the untreated 

htd Activity - % ReducQon = ( htial Activity 

The two adsorbent types wth the greatest percentage reduction wll be selected 

for the secondary testing 

Secondary testing Percent reduction for all analytes w11 be calculated as above Imtial 

and final concentrations of indimdual analytes w11 also be reported 

H RESIDUAL MANAGEMENT 

Rinsates 100 liters 

Treated Wastewater 100 liters 

Contarmnated Resin 2 liters 

The contarmnated adsorbent w11 be utilized in the stabilization/solidification laboratory 

testing described later 

All untreated wastewater, treated wastewater, and residuals not used for further testing 

will be DroDerlv Dackaeed and sent back to the RFP 
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I REPORTING 

A report w11 be prepared discussing the results of ths test Removal efficiencies for 

each adsorbent wll be presented in tabular form A general assessment of the 

applicability of adsorbents to low level radionuclide removal w11 also be included 
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A4 
TREATABILITY STUDY WORK PLAN 

CHEMICAL COAGULATION/MICROFILTRATION 
- RADIONUCLIDES 

A OBJECTIVES 

Laboratory-scale tests wll be performed to evaluate the effectiveness of coagulation, 

precipitation, and mcrofiltration for rernomng radionuclides from OU2 surface waters 
The primary objective is to determne the most effective coagulant, and its corresponding 
optimum dosage and operating pH The effectiveness of mcrofiltration for further 
reduction of radionuclides w11 also be evaluated 

B APPROACH 

Coagulation/precipitation w11 be evaluated using jar tests An imtial set of test runs wll 
be performed to screen the various coagulants studied Each coagulant wll be tested 
at several dosages and pHs Multiple jar testing equipment wll be utilized to facilitate 
side-by-side comparison of the various combinations evaluated 

Based on the results of the imtial screemng, the best combinations of coagulants, 
dosages, and operating pHs wll be selected for the rmcrofiltration study The settled 

supernatant from the selected combination w11 be processed through submcron sized 
filter discs to simulate the operation of a cross-flow mcrofilter 
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C EQUIPMENT AND SETUP 

Jar testing wll be performed using a multiple jar testmg apparatus wth either paddle 

or magnetic stirrers Testing wll be done usmg both 1-liter and 5-hter pyrex graduated 

beakers A reagent rack for adding reagents sunultaneously to each of the beakers w11 

also be utilized Figure k4-1 shows a typical rack used for this purpose 

Filter testing wll be performed using a Mdlipore (or equal) filter holder, glass funnel, 

and graduated Erlenmeyer flask A vacuum pump 1s also required to draw the sample 

through the filter Figure A 4-2 illustrates the test setup 

D TESTRUNS 

The imtial screening tests wll evaluate the followng coagulants 

e Alumnum sulfate 

e Ferrous sulfite 

0 Ferric sulfate 

e Ferric chloride 

e Polyelectrolyte (as coagulant aid) 

These coagulants (wth or wthout polyelectrolyte) wll be jar tested at up to 4 dosages 

and 2 pH levels The number of tests w11 be approxlmately 32 total The settled water 

from each test w11 be analyzed for gross alpha and beta actimty. 

Based on the results of the imtial screemng, the SIX best combinations of coagulant, 

dosage, and pH wll be selected for further evaluation The selected combination w11 

be rerun using larger jars The settled water wll be run through the submcron filter 
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FIGURE A.4-1 
CHEMICAL COAGULATION/MICROFILTRATION 

FOR RADIONUCLIDES 

Reagent Rack for Multiple Stirrer 

Jar Test Apparatus 

- 
BORE I. 

I I I I 1 I 
m m m m fi 

W W 
I A I A L A  1 I A I A 

A = Ois lona bluran jar8 in 
multiple stirrer apparatus 
(6"for a Phipps-bird) 

TUBES- 1.~7' 50ml  Color 
Compamla Type 

RACK - Oak 314' l-5/8' 

SOURCE ASTM D2035 
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FIGURE A4-2 

CHEMICAL COAGULATION/MICROFILT&%TION 
FOR RADIONUCLIDES 

Mcro filtrabon 

-- 1 TO 4 LITER SAMPLE 

GLASS FUNNEL 
(PART OF MILLPORE HOLDER) 

USE 0 45 (OR SMALLER) MlCRON MILLIPORE 
FILTERS (HAWP 04700 TYPE HA, 47 mm, WHITE) 

MILLPORE W E R  

VACUUM GAGE (0-30" Hg) 

V A W  PUMP 
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apparatus to simulate a cross-flow rmcrofilter In addition, the secondary testing wll 
incorporate the water quality parameters and a full metals analysis to fully characterlze 

the effluent streams With a companson of the full analysis for the weekly composited 
field samples as discussed in the S A P  (Append= B) and the above analysis, any 

inhibiting influences caused by other contammants can be deterrmned The imtial 

sample, filter inlet and filter outlet wdl be analyzed for the constituents listed in 
Figure A4-3 

E TEST PROCEDURES 

Jar Testing 

1 Measure equal volumes of sample into each of the JUS As many samples 

may be used as there are positions on the multiple jar tester Record the 
sample temperature at the start of the test 

2 Load the test chemcals in the reagent racks Use one rack for each series 

of chemcal additions Before using, make up each tube in the rack to a 

final volume of 10 ml wth water If the intended dosage requires a larger 
volume of reagent, all tubes should be diluted with water to the same 

volume 

3 Start the multiple stirrer operating at the "flash nux" speed of 
approxlmately 120 rpm Add the test solution at predetemned dosage 

levels and sequence Flash mu for approxlmately 1 mnute after the 

additions of chemcals Record the flash nux time and speed (rpm) 
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FIGURE A.4-3 

CHEMICAL COAGULA~ON/MICROFILTRATION 
FOR RADIONUCLIDES 

Jar Test Data Sheet 

Sample PH Turbihty Date 

Location Temperature Sample Sue ml 

JAR NUMBER 

PH 
(a) - mdicate order of addition of chemicals 

Basis ASTM D2035 
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4 Reduce the speed as necessary to the mmmum required to keep floc 

particles umfonnly suspended throughout the "slow m" period Slow m 
for 20 mnutes Record the time for the first vlsible floc formation Every 

5 rmnutes (during the slow mur penod), record relative floc size and m e r  

speed (rpm) If coagulant ads are used, mwng speed is cntical because 
excessive stlrnng tends to break up early floc formation and may 
redisperse the a d  

5 After the slow nux period, wthdraw the paddles and observe settling of 

floc particles Record the time required for the bulk of the particles to 

settle 

6 After 15 rmnutes of settling, record the appearance of floc on the beaker 

bottom Record the sample temperature By means of a pipet or siphon, 

wthdraw an adequate sample volume of supernatant liquor from the jar 

at a point one half of the depth of the sample, to conduct the suspended 

solids analyses 

Filtration Test5 

1 Place Millipore filter in holder 

2 Start vacuum pump 

3 Perform jar test, using 5 liter beakers, as descnbed prevlously Collect the 

settled water for use in this test 

4 Pour sample into funnel, filling it to the brim and maintaimng it full until 

the completion of the test 
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5 Continue filtration run until four hters have been collected 

F SAMPLE SIZE REQUIREMENTS 

Imtial testing w11 be performed using 1 0 hter beakers Based on 32 mtial runs, a total 
of 32 liters of sample will be required 

The filtration tests w11 be performed using 5 0 liter beakers The 15 tests anticipated 
will require a total of 75 liters of sample 

G SAMPLING AND ANALYTICAL REQUIREMENTS 

I This testing program wll require sampling and analysis for radionuclides These 

radionuclides wll include gross alpha and beta actiwty, urmum, plutomum, and 
americium In addition, a water quality parameter analysis and a full metals screen w11 

be conducted during the secondary testing All sampling and analytical actimties wll be 
conducted in accordance w t h  the SAP contained in Appendlx B of this document 

H DATA COLLECTION AND ANALYSIS 

A data sheet for use dunng the jar tests is shown in Figure A.4-2 

The only analysis that will be done wll, for the imtial jar tests, be gross alpha and beta 
activlty of the untreated sample and the decanted wastewater after settling 
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For the filtration tests, the constituents listed in Table A 4-1 wll be analyzed This w11 

include 

, 
e 

a 

e Filter outlet 

Imtial sample before jar test 

Decanted sample after jar test (filter inlet sample) 

Percent reduction in suspended solids and/or radionuclides ~ 1 1  be calculated and 

recorded for each test as follows 

I (10) 
htd Concentrabon - F d  Concentrabon 

h t ~ a l  Concentrauon 
% Reducbon = 

I I RESIDUALS 

1 @ The residuals from the test program will include the following 

Wastewater 107 liters 

Contarmnated Filter Disc 6 liters 
I 

J REPORTING 

A report w11 be prepared discussing the results of the testing For the jar tests, tables 

will be prepared listing the final suspended solids concentration and removal efficiency 

for each of the operating conditions evaluated The results of the filtration tests, i e ,  
inlet and outlet radionuclides concentrations and percent removals, wll also be 

reported A general assessment of this technology for use at RFP OU2 wll also be 

presented 
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TABLE A.4-1 

I 

CHEMICAL C O A G U L A T O N / M I C R O F O N  TESTS 
ANAL= LIST 

Gross Alpha 

Gross Beta 

Uramum 233 and 234,235 and 238 

Plutomum 239 and 240 

Americium 241 

A 4-10 
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A 5  
TREATABILITY STUDY WORK PLAN 

COAGULATION/PRECIPI"ATION/FILTRATION 
FOR SUSPENDED SOLIDS 

A OBJECTIVES 

Laboratory-scale tests wll be performed to evaluate the effectrveness of coagulation, 
precipitation and filtration for removlng suspended solids from OU2 surface waters at 
the Rocky Flats Plant The pnmary objective is to determne the most effective 
coagulant, and its corresponding optimum dosage and operating pH The effectiveness 
of filtration for further reduction of suspended solids wll also be evaluated 

B APPROACH 

Coagulation/precipitation w11 be evaluated using jar tests An imtial set of test runs 1 ,111 

be performed to screen the various coagulants studied Each coagulant wll be tested 
at several dosages and pHs Multiple jar testing equipment w11 be utilized to facilitate 
side-by-side companson of the vanous combinations evaluated 

Based on the results of the imtial screemng, the best combinations of coagulants, 
dosages, and operating pHs wll be selected for the filtration study The settled 
supernatant from the selected combinations w11 be processed through laboratory 
columns contaimng filter sand 

In all cases, effectiveness will be evaluated by suspended solids analyses of the influent 
and effluent from each test 

A 5-1 
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c EQUIPMENT AND SETUP 

Jar testing w11 be performed using a multiple jar testing apparatus wth either paddle 
of magnetic stirrers Testing wll be done usmg both 1 h e r  and 2 liter Pyrex graduated 
beakers A reagent rack for adding reagents simultaneously to each of the beakers wll 

also be utilized Figure A 5-1 shows a typical rack used for this purpose 

Filter testing wll be performed using a 1 0  inch diameter glass column filled wth two 
feet of filter sand A feed tank and peristaltic pump wll be used to pump the 

wastewater to the filter column 

D TEST RUNS 

I The irutial screemng tests will evaluate the followng coagulants 

e Alurmnum sulfate 
e Ferrous sulfite 

i 

0 Ferric sulfate 
e Ferric chloride 

e Polyelectrolyte (as coagulant aid) 

These coagulants (wth or wthout polyelectrolyte) wll be jar tested at up to five dosages 
and 3 pH levels The total number of tests wll be approxlmately 75 The settled water 
from each test wll be analyzed for suspended sohds 

Based on the results of the imtial screemng, the 15 best combinations of coagulant, 
dosage and pH w11 be selected for further evaluation The selected combinations wll 
be rerun The settled water wll be run through glass columns filled wth filter sand to 
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FIGURE A 5-1 

CO AGULATION/PREClFITATION/FILTRATION 
FOR SUSPENDED SOLIDS 

Reagent Rack For Multiple S m e r  

Jar Test Apparatus 
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Source ASTM D2035 

A = E. Distoma ktrran Jan in 
multiple stirrer opporotus 
( 6" for o Phtpps - Bird ) 

TUBES- 1 . ~ 7 -  SOml Color 

RACK - Oak 314' x 1-50. 
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e 

simulate conventional sand filters Suspended solids in the filter inlet and filter outlet 

w11 be measured In addition, the secondary testmg w11 incorporate the water quality 

parameters and a full metals analysis to fully characterize the effluent streams With a 
comparison of the full analysis for the weekly composited field samples as discussed in 

the S A P  (Appendur B) and the above analysis, any mhibiting influences caused by other 

contamnants could be deterrmned 

E TEST PROCEDURES 

Jar Testing, 

1 Measure equal volumes of sample into each of the jars As many samples 

may be used as there are positions on the multiple jar tester Record the 

sample temperature at the start of the test 

2 Load the test chemcals in the reagent racks Use one rack for each series 

of chermcal additions Before usmg, make up each tube in the rack to a 
final volume of 10 ml wth water If the intended dosage requires a larger 

volume of reagent, all tubes should be dlluted with water to the same 

volume 

3 Start the multiple stirrer operating at the "flash mur" speed of 

approxlmately 120 rpm Add the test solution at predetermmed dosage 

levels and sequence Flash flu for approxlmately 1 m n  after the 

additions of chemcals Record the flash ITU time and speed (rpm) 

4 Reduce the speed as necessary to the mrumum required to keep the floc 

particles uruformly suspended throughout the "slow mu'' period Slow m 
for 20 m n  Record the time for the first visible floc formation Every 5 
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nun (dunng the slow mu period), record relative floc size and m e r  speed 

(rpm) If coagulant aids are used, rmxlng speed is critical because 
excessive stmng tends to break up early floc formation and may 

redisperse the a d  

5 After the slow nux penod, wthdraw the paddles and observe settling of 

floc particles Record the time required for the bulk of the particles to 

settle 

6 After 15 nun of settling, record the appearance of floc on the beaker 

bottom Record the sample temperature By means of pipet or siphon, 

I I wthdraw an adequate sample volume of supernatant from the jar at a 
point one half of the depth to conduct the suspended solids analyses 

Filtration Tests 

1 Perform jar tests as described above 

2 After the solids have settled, carefully siphon off the supernatant liquid 

into a separate feed container This must be done slowly and carefully to 

prevent re-entraimng the settled sludge 

3 Pump the collected fluid through the sand filter column using a peristaltic 

Pump 

4 Collect a sample of the filter effluent after rumng approxlmately 5 bed 

volumes of water through the filter Also, collect a sample of the 

unfiltered water for analysis 
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F SAMPLE SIZE REQUIREMENTS 

Imtial testing w11 be performed using 1 0-hter beakers Based on 75 imtial runs, a total 
of 75 liters of sample wll be required 

The filtration tests wll be performed usmg 2 O-liter beakers The 15 tests anticipated 
will require a total of 30 hters of sample 

G SAMPLING AND ANALYTICAL REQUIREMENTS 

The only analyses performed during these tests are for suspended solids In addition, 
a water quality parameter analysis and a full metals screen w11 be conducted during the 
secondary testing All sampling and analytical activlties wll be conducted in accordance 

with the S A P  contained in Appendlx B of this document 

H DATA COLLECTION AND ANALYSIS 

A data sheet for use during the jar tests is shown in Figure A5-2 

The only analysis that w11 be done wll be for suspended solids For each test, the 

following data w11 be collected and recorded 

e 

e 

e Filter outlet 

Imtial sample before jar test 
Decanted sample after jar test (filter mlet sample) 
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FIGURE AS-2 

COAGULATION/PRECIPlT'ATION/FILTRATION 
FOR SUSPENDED SOLIDS 

Jar Test Data Sheet 

Sample PH Turbihty Date 

Location Temperature Sample Slze ml 

JAR NUMBER 

PH 
(3) indicates order of addition of chemicals 

Basis ASTM D2035 

A 5-7 

- 



a 
I REFERENCES 

Barney, G S , Blackman, A.E , Lueck, KJ , and Green, J W 1989, February Evaluation 
of Adsorbents for Removal of Plutomum From a Low-Level Process Wastewater 
DE 90 007028 

Drury, 3 S , Michelson, D , and Ensmnger, J T 1982, December Methods of Removlng 
Uramum from Dnnlung Water, A Literature Survey EPA-570/9-82-003 

EPA 1985, October Remedial Action at Waste Disposal Sites (Rewsed) EPA/625/6- 
85/006 

EPA 1989, December Guide for Conducting Treatability Studies Under CERCLA 
EPA/540/2-89/058 

a 
Hanson, S W ,  et a1 1987, December Removal of Uramum from DIlnlung Water by 

Ion Exchange and Chemical Clarification Project Summary 
EPA/600/52-87/076 

Jelinek, R T  and Sorg, T J  1988, July Operating a Small Full-Scale Ion Exchange 
System for Uramum Removal Journal AWWA. 

Mallen, J C and Tallen, 0 K. 1985, Apnl of Savannah River Plant Solvent Using Solid 
Sorbents Consolidated fuel processing program DE 85 010592 

Marston, Dr Charles, 1990, Dow Chemcal Personnel Cornmumcation 

-1- 

- 

22558lR1 REF 10-16-90/22558 



Rubel, F , Jr 1980, August, Pilot Study of Fluonde and Atsew Removal from Potable 

Water EPA/600/2-80/100 

Sorg, T J 1988, July Methods for Removlng Uramum from Dnnlung Water Journal 

A W A  

Suk, Y L and Bondietti, E A. 1983, October Remoung Urmum from Drinlung Water 

Journal A W A  

White, S K and Bondietti, E A. 1983, July Remoung Uratllum by Current Mumcipal 

Water Treatment Processes Journal AWWA. 

-2- 
22SSBlR1 REF 141690/225S8 



0 
(Y 

II :eil 0 

v) 

cu 
cu 

3 

L 

E 
P 



- -- 
AT 

PJ Os(M90 

' 

ee 

e a  

k 
I' A 
U t  



Y 



0610-o r ~ Q I I  


